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FIG. 15. Elastic Breit-Wigner fit of Figure 8 with the lattice
spacing set as described in the text.

FIG. 16. Elastic P -wave ⇡⇡ isospin=1 phase shifts for pions
of mass ⇠ 391 MeV (blue) and ⇠ 236 MeV (red). Curves
correspond to two parameter Breit-Wigner fits as described
in the text and summarized in Table III.

ing phase-shifts are shown in Fig. 16. We note that the
Breit-Wigner couplings gR show good agreement between
the two di↵erent quark masses, as has been suggested
in unitarized versions of chiral perturbation theory [42].
The apparent di↵erence in the pole residue coupling, c⇡⇡,
is completely explicable in terms of the P -wave barrier
– since the t-matrix near threshold must behave like
t(s) ⇠ k

2, we may consider c⇡⇡ = c̃⇡⇡ k(s0) where k(s0) is
the cm-frame momentum at the pole position. It follows
that ����
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and thus |c̃391⇡⇡ | ⇡ |c̃
236
⇡⇡ |.

This work Ref. [22]

atm⇡ 0.03928(18) 0.06906(13)
atmR 0.13175(35)(5) 0.15095(14)(4)

gR 5.688(70)(26) 5.698(97)(3)

m⇡ 236(2) MeV 391(1) MeV
mR 790(2) MeV 855(1) MeV

Re(
p
s0) 783(2) MeV 853(2) MeV

�2 Im(
p
s0) 85(2) MeV 12.4(6) MeV

|c⇡⇡| 288(4) MeV 162(4) MeV
Arg(c⇡⇡) �0.059(1)⇡ �0.033(1)⇡

�2/Ndof
24.9
22�2 = 1.25 28.7

31�2 = 0.98

TABLE V. A comparison of the results of this study and
ref. [22]. These numbers compare the Breit-Wigner descrip-
tion only and the quoted pole is from that single parameteri-
zation.

IV. SUMMARY

The ⇢ resonance was extracted using a detailed spec-
trum of lattice QCD energy levels working in a (⇠ 4 fm)3

cubic volume with a pion mass of 236 MeV. Using the
variational method and a large diverse basis of operators,
energy levels were obtained in the elastic ⇡⇡ scattering
region and the near-threshold coupled-channel ⇡⇡�KK

energy region and these were used to constrain the I = 1
J
P = 1� and J

P = 3� scattering amplitudes. By
making use of the formalism relating the elastic and
coupled-channel scattering amplitudes to the spectrum
of eigenstates in a finite volume, we were able to extract
phase-shifts and inelasticity for the coupled ⇡⇡ � KK

system. The elastic region was found to feature a nar-
row resonance, which persists when the coupled KK

channel is also considered. A range of t-matrix param-
eterizations lead to consistent resonance parameters in
the sense of a pole in the complex energy plane. Us-
ing the ⌦ baryon to set the scale this pole is located at
p
s⇢ =

�
783(2)� i

290(8)
�
MeV. A simple Breit-Wigner

description of the elastic amplitude works well and gives
a coupling that is consistent with the value determined at
a larger pion mass and that extracted from experimental
data.

In a coupled-channel analysis we found the ⇡⇡ �KK

system to be only weakly coupled for the range of energies
we considered, and only small phase-shifts were observed
in the KK channel. This is only the second example
of the extraction of a coupled-channel scattering matrix
from lattice QCD, following the earlier study of ⇡K, ⌘K

[15, 16]. This first exploratory study aboveKK threshold
neglected three- and four-hadron contributions that have
been observed to be suppressed in experimental studies.
Progress in the development of a finite-volume formalism

HadSpec, 1507.02599

spectroscopy: 
❖ pole positions 
❖ couplings 
❖  dependencemπ

is that enough?

mπ = 237 MeV
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FIG. 14: m⇡|A⇡⇡,⇡�? | for two values of Q2 as a function of E?
⇡⇡ along with the elastic ⇡⇡ P -wave scattering amplitude.

FIG. 15: Mean value of m⇡|A⇡⇡,⇡�? | plotted as contours
along with the locations of the points (E?

⇡⇡/m⇡, Q
2) where

the finite-volume matrix elements were determined. A total
of 42 di↵erent kinematic points were used, and 6 of these ap-
pear outside the range plotted here.

a natural choice for general virtualities if one identifies
Q2 = �m2

� . An alternative extrapolation procedure was
presented in Ref. [30], where the authors suggest deter-
mining A⇡⇡,⇡�? for a range of values of E?

⇡⇡ while fixing
|Q| in the c.m. frame of the ⇡�? state. One can then ex-
trapolate E?

⇡⇡ to the ⇢ pole while keeping |Q| fixed. The
advantage of this procedure is that one does not need to
perform a global fit of the amplitude in terms of the vari-
able Q2. However this procedure has not been described
for the most useful means of accessing a large number

of energy levels in a finite volume, utilized in this pa-
per, namely boosting of the ⇡⇡ system to non-zero total
momentum.

With a determination of F (E?
⇡⇡, Q

2) in hand
we may construct the P -wave reduced amplitude,
A⇡⇡,⇡�?(E?

⇡⇡, Q
2), using Eqs. (22, 23). Since the phase

of the amplitude is fixed by Watson’s theorem to match
the ⇡⇡ phase, we only report its magnitude, which we
choose to present in units of m�1

⇡ . In Fig. 14, we show
the result for the transition amplitude as a function of
E?

⇡⇡ for two values of Q2 along with the elastic ⇡⇡ scat-
tering amplitude, M`=1

⇡⇡ . The bands shown encompass all
the 1� fluctuations obtained using various di↵erent pa-
rameterizations and hence can be considered to include
both statistical and systematic error estimates. Figure 15
makes clear that our determination of the amplitude has
been constrained by points which sample well the entire
relevant region of E?

⇡⇡ and Q2.

V. ⇡+� ! ⇡+⇡0 CROSS SECTION

Having obtained the transition amplitude, we can pro-
ceed to determine the dominant P -wave contribution to
the ⇡+� ! ⇡+⇡0 cross section, which can readily be
compared with phenomenological studies [67, 68]. For
simplicity, we restrict our attention to the process where
the incoming photon is on-shell, Q2 = 0, but all results
generalize to describe the dominant one-photon exchange
contribution to the ⇡+e� ! ⇡+⇡0e� cross section.

i
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FIG. 7. The transition amplitude Vπγ→ππ (in lattice units,
nominal parametrization BWII F1 K2), sliced by value of
invariant mass

ffiffiffi
s

p
, as a function of q2. The shaded bands

correspond to the 1σ regions of the fitted parametrizations; their
colors and brightness match the data points at the same a

ffiffiffi
s

p
, as

indicated by the symbols in the legend.

FIG. 8. The transition amplitude Vπγ→ππ as a function of ππ
invariant mass, for three different values of the q2. The top panel
corresponds to the nominal parametrization BWII F1 K2, and the
bottom panel corresponds to the parametrization “BWI F1 K2”.

FIG. 9. Like Fig. 5, but for the function Fðq2; sÞ. The data
points are divided by the central value of the Breit-Wigner factor
[cf. Eq. (8)] to represent the same quantity.

FIG. 10. The form factor Fðq2; sÞ, as a function of ππ invariant
mass, for two different nonzero values of q2 (top) and for q2 ¼ 0
(bottom). Plotted is the central value of the nominal parametri-
zation BWII F1 K2 along with the two uncertainties: the inner
(darker) shaded region represents the statistical and systematical
uncertainties, and the outer (lighter) region includes also the
parametrization uncertainty, estimated as the root-mean-square
deviation of the central values obtained from the different
parametrizations with respect to the nominal one.

πγ → ππ TRANSITION AND THE ρ … PHYS. REV. D 98, 074502 (2018)

074502-13
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FIG. 23. Coupled ⇡⇡,KK amplitudes obtained using Eq. 3 for the scalar (left) and Eq. 4 for the tensor (right) sectors. In both
cases, the ⌘⌘ channels are approximately decoupled. Also shown are the pole singularities, with uncertainties which include the
variation under amplitude parameterization presented in Sections III B, III C. The ratio of couplings to KK,⇡⇡ for the f0 is
presented, as are estimates of the branching fractions for the f2 resonances, as described in the text.

while the fb
2 closely resembles the f 0

2(1525). A somewhat
non-rigorous suggestion for the quark-antiquark content
of these two states can be obtained by examining the
overlaps presented in Figure 4, in particular the 163 spec-
trum in the T+

2 irrep, where two finite-volume states
are observed, far from any non-interacting energy levels,
but close to the resonance masses for f a

2 and fb
2 . The

lighter of the two is seen to have large overlap onto q̄�q
operator constructions built from light-quarks, while the
heavier state dominantly overlaps with those made from
strange-quarks.
We note in passing that the presence of two narrow

JP = 2+ resonances with this quark content was antic-
ipated in the simpler calculation of the isoscalar meson
spectrum presented in [61], where no meson-meson-like
operators where included. Some discussion of the justifi-
cation for expecting the results presented in [61] to be a
reasonable guide to the narrow resonance content of QCD
is presented in [71].

Experimentally, the f2(1270) is observed to have negli-
gible coupling to ⌘⌘, and only a ⇠ 10% branch to ⇡⇡⇡⇡,
which is not kinematically open at m⇡ ⇠ 391 MeV. The
f 0
2(1525) has a ⇠ 10% branch to ⌘⌘ – this small but sig-
nificant coupling does not appear to be present at the
heavier light quark mass considered in this paper, despite
the phase-space for the decay being quite similar to the
experimental case.
A plausible method to more rigorously study the in-

ternal quark-gluon structure of resonance states of the
type we have considered here is to compute their form-
factors, by coupling external currents into meson-meson
scattering amplitudes. The possibility of studying form-
factors of unstable states from lattice QCD was recently
reviewed in [71], building on ideas first presented by Lel-

louch and Lüscher [83] for the process K ! ⇡⇡. The
‘elastic’ form-factors of resonant states could be extracted
from amplitudes computed at real energies, by extrapo-
lating to the complex pole positions [84, 85]. Exploiting
the flexibility of lattice QCD calculation, one could study
flavor– and spin–dependence of these form factors, for
example by introducing s̄�s and ū�u+ d̄�d currents sepa-
rately, for various choices of �. The distillation technology
for such calculations has already been developed [62], and
the first nontrivial test has been carried out in the res-
onant ⇡� ! ⇡⇡ amplitude [63, 64] using the formalism
first presented in [86] for transition processes.
Fig. 23 presents a summary of the main results of the

calculation reported on in this paper. The scalar and
tensor ⇡⇡,KK amplitudes are plotted, along with the
corresponding pole structure, and determinations of the
relative strengths of coupling of the resonances to their
decay channels.

VI. THE LIGHTEST SCALAR MESONS OF
QCD AT m⇡ ⇠ 400 MEV

With the results for isoscalar mesons presented in this
paper, taken together with the results in Refs. [39, 40, 42]
for isovector and strange mesons, we have what could con-
stitute a complete nonet of scalar (�, f0, a0,) and tensor
(f2, f 0

2, a2,K
?
2 ) mesons. It is appropriate at this stage to

consider to what extent they have common properties
that justifies associating them in this manner.
In the scalar sector, the two states which appear

to be mostly closely connected are the f0 and the a0.
While their appearance in the relevant elastic amplitude
(⇡⇡ ! ⇡⇡ or ⇡⌘ ! ⇡⌘) is superficially rather di↵erent,

mπ = 390 MeV
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Photo-Production: γ⋆χ → φ1φ1|φ2φ2

photoproduction rescattering

𝒜 ℳ

ℋ(Q2, E⋆) = 𝒜(Q2, E⋆) ⋅ ℳ(E⋆)



Generating Toy-Model Data



lattice QCD is finite volume

!
❖ box 

❖ side  
❖  
 

❖ discrete spectrum

L

ψ(x + L) = ψ(x)

L



(a) (b)m1L
<latexit sha1_base64="A7KKmZZL3iSAfoykwbPtxzQMaAg=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiFw8eKtgPaJeSTbNtaJJdkqxQlv4FLx4U8eof8ua/MdvuQVsfDDzem2FmXpgIbqznfaPS2vrG5lZ5u7Kzu7d/UD08aps41ZS1aCxi3Q2JYYIr1rLcCtZNNCMyFKwTTm5zv/PEtOGxerTThAWSjBSPOCU2l+TAvx9Ua17dmwOvEr8gNSjQHFS/+sOYppIpSwUxpud7iQ0yoi2ngs0q/dSwhNAJGbGeo4pIZoJsfusMnzlliKNYu1IWz9XfExmRxkxl6DolsWOz7OXif14vtdF1kHGVpJYpulgUpQLbGOeP4yHXjFoxdYRQzd2tmI6JJtS6eCouBH/55VXSvqj7Xt1/uKw1boo4ynACp3AOPlxBA+6gCS2gMIZneIU3JNELekcfi9YSKmaO4Q/Q5w+UA43r</latexit><latexit sha1_base64="A7KKmZZL3iSAfoykwbPtxzQMaAg=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiFw8eKtgPaJeSTbNtaJJdkqxQlv4FLx4U8eof8ua/MdvuQVsfDDzem2FmXpgIbqznfaPS2vrG5lZ5u7Kzu7d/UD08aps41ZS1aCxi3Q2JYYIr1rLcCtZNNCMyFKwTTm5zv/PEtOGxerTThAWSjBSPOCU2l+TAvx9Ua17dmwOvEr8gNSjQHFS/+sOYppIpSwUxpud7iQ0yoi2ngs0q/dSwhNAJGbGeo4pIZoJsfusMnzlliKNYu1IWz9XfExmRxkxl6DolsWOz7OXif14vtdF1kHGVpJYpulgUpQLbGOeP4yHXjFoxdYRQzd2tmI6JJtS6eCouBH/55VXSvqj7Xt1/uKw1boo4ynACp3AOPlxBA+6gCS2gMIZneIU3JNELekcfi9YSKmaO4Q/Q5w+UA43r</latexit><latexit sha1_base64="A7KKmZZL3iSAfoykwbPtxzQMaAg=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiFw8eKtgPaJeSTbNtaJJdkqxQlv4FLx4U8eof8ua/MdvuQVsfDDzem2FmXpgIbqznfaPS2vrG5lZ5u7Kzu7d/UD08aps41ZS1aCxi3Q2JYYIr1rLcCtZNNCMyFKwTTm5zv/PEtOGxerTThAWSjBSPOCU2l+TAvx9Ua17dmwOvEr8gNSjQHFS/+sOYppIpSwUxpud7iQ0yoi2ngs0q/dSwhNAJGbGeo4pIZoJsfusMnzlliKNYu1IWz9XfExmRxkxl6DolsWOz7OXif14vtdF1kHGVpJYpulgUpQLbGOeP4yHXjFoxdYRQzd2tmI6JJtS6eCouBH/55VXSvqj7Xt1/uKw1boo4ynACp3AOPlxBA+6gCS2gMIZneIU3JNELekcfi9YSKmaO4Q/Q5w+UA43r</latexit><latexit sha1_base64="A7KKmZZL3iSAfoykwbPtxzQMaAg=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiFw8eKtgPaJeSTbNtaJJdkqxQlv4FLx4U8eof8ua/MdvuQVsfDDzem2FmXpgIbqznfaPS2vrG5lZ5u7Kzu7d/UD08aps41ZS1aCxi3Q2JYYIr1rLcCtZNNCMyFKwTTm5zv/PEtOGxerTThAWSjBSPOCU2l+TAvx9Ua17dmwOvEr8gNSjQHFS/+sOYppIpSwUxpud7iQ0yoi2ngs0q/dSwhNAJGbGeo4pIZoJsfusMnzlliKNYu1IWz9XfExmRxkxl6DolsWOz7OXif14vtdF1kHGVpJYpulgUpQLbGOeP4yHXjFoxdYRQzd2tmI6JJtS6eCouBH/55VXSvqj7Xt1/uKw1boo4ynACp3AOPlxBA+6gCS2gMIZneIU3JNELekcfi9YSKmaO4Q/Q5w+UA43r</latexit>

m1L
<latexit sha1_base64="A7KKmZZL3iSAfoykwbPtxzQMaAg=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiFw8eKtgPaJeSTbNtaJJdkqxQlv4FLx4U8eof8ua/MdvuQVsfDDzem2FmXpgIbqznfaPS2vrG5lZ5u7Kzu7d/UD08aps41ZS1aCxi3Q2JYYIr1rLcCtZNNCMyFKwTTm5zv/PEtOGxerTThAWSjBSPOCU2l+TAvx9Ua17dmwOvEr8gNSjQHFS/+sOYppIpSwUxpud7iQ0yoi2ngs0q/dSwhNAJGbGeo4pIZoJsfusMnzlliKNYu1IWz9XfExmRxkxl6DolsWOz7OXif14vtdF1kHGVpJYpulgUpQLbGOeP4yHXjFoxdYRQzd2tmI6JJtS6eCouBH/55VXSvqj7Xt1/uKw1boo4ynACp3AOPlxBA+6gCS2gMIZneIU3JNELekcfi9YSKmaO4Q/Q5w+UA43r</latexit><latexit sha1_base64="A7KKmZZL3iSAfoykwbPtxzQMaAg=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiFw8eKtgPaJeSTbNtaJJdkqxQlv4FLx4U8eof8ua/MdvuQVsfDDzem2FmXpgIbqznfaPS2vrG5lZ5u7Kzu7d/UD08aps41ZS1aCxi3Q2JYYIr1rLcCtZNNCMyFKwTTm5zv/PEtOGxerTThAWSjBSPOCU2l+TAvx9Ua17dmwOvEr8gNSjQHFS/+sOYppIpSwUxpud7iQ0yoi2ngs0q/dSwhNAJGbGeo4pIZoJsfusMnzlliKNYu1IWz9XfExmRxkxl6DolsWOz7OXif14vtdF1kHGVpJYpulgUpQLbGOeP4yHXjFoxdYRQzd2tmI6JJtS6eCouBH/55VXSvqj7Xt1/uKw1boo4ynACp3AOPlxBA+6gCS2gMIZneIU3JNELekcfi9YSKmaO4Q/Q5w+UA43r</latexit><latexit sha1_base64="A7KKmZZL3iSAfoykwbPtxzQMaAg=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiFw8eKtgPaJeSTbNtaJJdkqxQlv4FLx4U8eof8ua/MdvuQVsfDDzem2FmXpgIbqznfaPS2vrG5lZ5u7Kzu7d/UD08aps41ZS1aCxi3Q2JYYIr1rLcCtZNNCMyFKwTTm5zv/PEtOGxerTThAWSjBSPOCU2l+TAvx9Ua17dmwOvEr8gNSjQHFS/+sOYppIpSwUxpud7iQ0yoi2ngs0q/dSwhNAJGbGeo4pIZoJsfusMnzlliKNYu1IWz9XfExmRxkxl6DolsWOz7OXif14vtdF1kHGVpJYpulgUpQLbGOeP4yHXjFoxdYRQzd2tmI6JJtS6eCouBH/55VXSvqj7Xt1/uKw1boo4ynACp3AOPlxBA+6gCS2gMIZneIU3JNELekcfi9YSKmaO4Q/Q5w+UA43r</latexit><latexit sha1_base64="A7KKmZZL3iSAfoykwbPtxzQMaAg=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiFw8eKtgPaJeSTbNtaJJdkqxQlv4FLx4U8eof8ua/MdvuQVsfDDzem2FmXpgIbqznfaPS2vrG5lZ5u7Kzu7d/UD08aps41ZS1aCxi3Q2JYYIr1rLcCtZNNCMyFKwTTm5zv/PEtOGxerTThAWSjBSPOCU2l+TAvx9Ua17dmwOvEr8gNSjQHFS/+sOYppIpSwUxpud7iQ0yoi2ngs0q/dSwhNAJGbGeo4pIZoJsfusMnzlliKNYu1IWz9XfExmRxkxl6DolsWOz7OXif14vtdF1kHGVpJYpulgUpQLbGOeP4yHXjFoxdYRQzd2tmI6JJtS6eCouBH/55VXSvqj7Xt1/uKw1boo4ynACp3AOPlxBA+6gCS2gMIZneIU3JNELekcfi9YSKmaO4Q/Q5w+UA43r</latexit>

(a) (b)

[000] A+
1 [001] A1 [110] A1 [111] A1 [002] A1 [000] A+

1 [001] A1 [110] A1 [111] A1 [002] A1

2.0 2.2 2.4 2.6 2.8 3.0 3.2 3.4E?/m1
0.0

0.2

0.4

0.6

0.8

1.0

Ω i
Ω j

|M
ij
|2

2.0 2.2 2.4 2.6 2.8 3.0 3.2 3.4E?/m1
0.0

0.2

0.4

0.6

0.8

1.0

Ω i
Ω j

|M
ij
|2

4 5 6

2.0

2.2

2.4

2.6

2.8

3.0

3.2

3.4

E
? /

m
1

4 5 6 4 5 6 4 5 6 4 5 64 5 6

2.0

2.2

2.4

2.6

2.8

3.0

3.2

3.4

E
? /

m
1

4 5 6 4 5 6 4 5 6 4 5 6

scattering in finite volume

(a) (b)m1L
<latexit sha1_base64="A7KKmZZL3iSAfoykwbPtxzQMaAg=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiFw8eKtgPaJeSTbNtaJJdkqxQlv4FLx4U8eof8ua/MdvuQVsfDDzem2FmXpgIbqznfaPS2vrG5lZ5u7Kzu7d/UD08aps41ZS1aCxi3Q2JYYIr1rLcCtZNNCMyFKwTTm5zv/PEtOGxerTThAWSjBSPOCU2l+TAvx9Ua17dmwOvEr8gNSjQHFS/+sOYppIpSwUxpud7iQ0yoi2ngs0q/dSwhNAJGbGeo4pIZoJsfusMnzlliKNYu1IWz9XfExmRxkxl6DolsWOz7OXif14vtdF1kHGVpJYpulgUpQLbGOeP4yHXjFoxdYRQzd2tmI6JJtS6eCouBH/55VXSvqj7Xt1/uKw1boo4ynACp3AOPlxBA+6gCS2gMIZneIU3JNELekcfi9YSKmaO4Q/Q5w+UA43r</latexit><latexit sha1_base64="A7KKmZZL3iSAfoykwbPtxzQMaAg=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiFw8eKtgPaJeSTbNtaJJdkqxQlv4FLx4U8eof8ua/MdvuQVsfDDzem2FmXpgIbqznfaPS2vrG5lZ5u7Kzu7d/UD08aps41ZS1aCxi3Q2JYYIr1rLcCtZNNCMyFKwTTm5zv/PEtOGxerTThAWSjBSPOCU2l+TAvx9Ua17dmwOvEr8gNSjQHFS/+sOYppIpSwUxpud7iQ0yoi2ngs0q/dSwhNAJGbGeo4pIZoJsfusMnzlliKNYu1IWz9XfExmRxkxl6DolsWOz7OXif14vtdF1kHGVpJYpulgUpQLbGOeP4yHXjFoxdYRQzd2tmI6JJtS6eCouBH/55VXSvqj7Xt1/uKw1boo4ynACp3AOPlxBA+6gCS2gMIZneIU3JNELekcfi9YSKmaO4Q/Q5w+UA43r</latexit><latexit sha1_base64="A7KKmZZL3iSAfoykwbPtxzQMaAg=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiFw8eKtgPaJeSTbNtaJJdkqxQlv4FLx4U8eof8ua/MdvuQVsfDDzem2FmXpgIbqznfaPS2vrG5lZ5u7Kzu7d/UD08aps41ZS1aCxi3Q2JYYIr1rLcCtZNNCMyFKwTTm5zv/PEtOGxerTThAWSjBSPOCU2l+TAvx9Ua17dmwOvEr8gNSjQHFS/+sOYppIpSwUxpud7iQ0yoi2ngs0q/dSwhNAJGbGeo4pIZoJsfusMnzlliKNYu1IWz9XfExmRxkxl6DolsWOz7OXif14vtdF1kHGVpJYpulgUpQLbGOeP4yHXjFoxdYRQzd2tmI6JJtS6eCouBH/55VXSvqj7Xt1/uKw1boo4ynACp3AOPlxBA+6gCS2gMIZneIU3JNELekcfi9YSKmaO4Q/Q5w+UA43r</latexit><latexit sha1_base64="A7KKmZZL3iSAfoykwbPtxzQMaAg=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiFw8eKtgPaJeSTbNtaJJdkqxQlv4FLx4U8eof8ua/MdvuQVsfDDzem2FmXpgIbqznfaPS2vrG5lZ5u7Kzu7d/UD08aps41ZS1aCxi3Q2JYYIr1rLcCtZNNCMyFKwTTm5zv/PEtOGxerTThAWSjBSPOCU2l+TAvx9Ua17dmwOvEr8gNSjQHFS/+sOYppIpSwUxpud7iQ0yoi2ngs0q/dSwhNAJGbGeo4pIZoJsfusMnzlliKNYu1IWz9XfExmRxkxl6DolsWOz7OXif14vtdF1kHGVpJYpulgUpQLbGOeP4yHXjFoxdYRQzd2tmI6JJtS6eCouBH/55VXSvqj7Xt1/uKw1boo4ynACp3AOPlxBA+6gCS2gMIZneIU3JNELekcfi9YSKmaO4Q/Q5w+UA43r</latexit>

m1L
<latexit sha1_base64="A7KKmZZL3iSAfoykwbPtxzQMaAg=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiFw8eKtgPaJeSTbNtaJJdkqxQlv4FLx4U8eof8ua/MdvuQVsfDDzem2FmXpgIbqznfaPS2vrG5lZ5u7Kzu7d/UD08aps41ZS1aCxi3Q2JYYIr1rLcCtZNNCMyFKwTTm5zv/PEtOGxerTThAWSjBSPOCU2l+TAvx9Ua17dmwOvEr8gNSjQHFS/+sOYppIpSwUxpud7iQ0yoi2ngs0q/dSwhNAJGbGeo4pIZoJsfusMnzlliKNYu1IWz9XfExmRxkxl6DolsWOz7OXif14vtdF1kHGVpJYpulgUpQLbGOeP4yHXjFoxdYRQzd2tmI6JJtS6eCouBH/55VXSvqj7Xt1/uKw1boo4ynACp3AOPlxBA+6gCS2gMIZneIU3JNELekcfi9YSKmaO4Q/Q5w+UA43r</latexit><latexit sha1_base64="A7KKmZZL3iSAfoykwbPtxzQMaAg=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiFw8eKtgPaJeSTbNtaJJdkqxQlv4FLx4U8eof8ua/MdvuQVsfDDzem2FmXpgIbqznfaPS2vrG5lZ5u7Kzu7d/UD08aps41ZS1aCxi3Q2JYYIr1rLcCtZNNCMyFKwTTm5zv/PEtOGxerTThAWSjBSPOCU2l+TAvx9Ua17dmwOvEr8gNSjQHFS/+sOYppIpSwUxpud7iQ0yoi2ngs0q/dSwhNAJGbGeo4pIZoJsfusMnzlliKNYu1IWz9XfExmRxkxl6DolsWOz7OXif14vtdF1kHGVpJYpulgUpQLbGOeP4yHXjFoxdYRQzd2tmI6JJtS6eCouBH/55VXSvqj7Xt1/uKw1boo4ynACp3AOPlxBA+6gCS2gMIZneIU3JNELekcfi9YSKmaO4Q/Q5w+UA43r</latexit><latexit sha1_base64="A7KKmZZL3iSAfoykwbPtxzQMaAg=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiFw8eKtgPaJeSTbNtaJJdkqxQlv4FLx4U8eof8ua/MdvuQVsfDDzem2FmXpgIbqznfaPS2vrG5lZ5u7Kzu7d/UD08aps41ZS1aCxi3Q2JYYIr1rLcCtZNNCMyFKwTTm5zv/PEtOGxerTThAWSjBSPOCU2l+TAvx9Ua17dmwOvEr8gNSjQHFS/+sOYppIpSwUxpud7iQ0yoi2ngs0q/dSwhNAJGbGeo4pIZoJsfusMnzlliKNYu1IWz9XfExmRxkxl6DolsWOz7OXif14vtdF1kHGVpJYpulgUpQLbGOeP4yHXjFoxdYRQzd2tmI6JJtS6eCouBH/55VXSvqj7Xt1/uKw1boo4ynACp3AOPlxBA+6gCS2gMIZneIU3JNELekcfi9YSKmaO4Q/Q5w+UA43r</latexit><latexit sha1_base64="A7KKmZZL3iSAfoykwbPtxzQMaAg=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiFw8eKtgPaJeSTbNtaJJdkqxQlv4FLx4U8eof8ua/MdvuQVsfDDzem2FmXpgIbqznfaPS2vrG5lZ5u7Kzu7d/UD08aps41ZS1aCxi3Q2JYYIr1rLcCtZNNCMyFKwTTm5zv/PEtOGxerTThAWSjBSPOCU2l+TAvx9Ua17dmwOvEr8gNSjQHFS/+sOYppIpSwUxpud7iQ0yoi2ngs0q/dSwhNAJGbGeo4pIZoJsfusMnzlliKNYu1IWz9XfExmRxkxl6DolsWOz7OXif14vtdF1kHGVpJYpulgUpQLbGOeP4yHXjFoxdYRQzd2tmI6JJtS6eCouBH/55VXSvqj7Xt1/uKw1boo4ynACp3AOPlxBA+6gCS2gMIZneIU3JNELekcfi9YSKmaO4Q/Q5w+UA43r</latexit>
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states in finite volume
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transitions in finite volume
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Q2 = �2.4m2
1

<latexit sha1_base64="EZQX5egnwCre74tRNPuTCtHnVPg=">AAAB+HicbVDLSsNAFJ34rPXRqEs3g0VwoSEJBd0IRTcuW7APaNMwmU7aoTOTMDMRaumXuHGhiFs/xZ1/47TNQlsPXDiccy/33hOljCrtut/W2vrG5tZ2Yae4u7d/ULIPj5oqySQmDZywRLYjpAijgjQ01Yy0U0kQjxhpRaO7md96JFLRRDzocUoCjgaCxhQjbaTQLtV7/s2l71S6Fzz0en5ol13HnQOuEi8nZZCjFtpf3X6CM06Exgwp1fHcVAcTJDXFjEyL3UyRFOERGpCOoQJxooLJ/PApPDNKH8aJNCU0nKu/JyaIKzXmkenkSA/VsjcT//M6mY6vgwkVaaaJwItFccagTuAsBdinkmDNxoYgLKm5FeIhkghrk1XRhOAtv7xKmr7juY5Xr5Srt3kcBXACTsE58MAVqIJ7UAMNgEEGnsEreLOerBfr3fpYtK5Z+cwx+APr8wfGpJE1</latexit><latexit sha1_base64="EZQX5egnwCre74tRNPuTCtHnVPg=">AAAB+HicbVDLSsNAFJ34rPXRqEs3g0VwoSEJBd0IRTcuW7APaNMwmU7aoTOTMDMRaumXuHGhiFs/xZ1/47TNQlsPXDiccy/33hOljCrtut/W2vrG5tZ2Yae4u7d/ULIPj5oqySQmDZywRLYjpAijgjQ01Yy0U0kQjxhpRaO7md96JFLRRDzocUoCjgaCxhQjbaTQLtV7/s2l71S6Fzz0en5ol13HnQOuEi8nZZCjFtpf3X6CM06Exgwp1fHcVAcTJDXFjEyL3UyRFOERGpCOoQJxooLJ/PApPDNKH8aJNCU0nKu/JyaIKzXmkenkSA/VsjcT//M6mY6vgwkVaaaJwItFccagTuAsBdinkmDNxoYgLKm5FeIhkghrk1XRhOAtv7xKmr7juY5Xr5Srt3kcBXACTsE58MAVqIJ7UAMNgEEGnsEreLOerBfr3fpYtK5Z+cwx+APr8wfGpJE1</latexit><latexit sha1_base64="EZQX5egnwCre74tRNPuTCtHnVPg=">AAAB+HicbVDLSsNAFJ34rPXRqEs3g0VwoSEJBd0IRTcuW7APaNMwmU7aoTOTMDMRaumXuHGhiFs/xZ1/47TNQlsPXDiccy/33hOljCrtut/W2vrG5tZ2Yae4u7d/ULIPj5oqySQmDZywRLYjpAijgjQ01Yy0U0kQjxhpRaO7md96JFLRRDzocUoCjgaCxhQjbaTQLtV7/s2l71S6Fzz0en5ol13HnQOuEi8nZZCjFtpf3X6CM06Exgwp1fHcVAcTJDXFjEyL3UyRFOERGpCOoQJxooLJ/PApPDNKH8aJNCU0nKu/JyaIKzXmkenkSA/VsjcT//M6mY6vgwkVaaaJwItFccagTuAsBdinkmDNxoYgLKm5FeIhkghrk1XRhOAtv7xKmr7juY5Xr5Srt3kcBXACTsE58MAVqIJ7UAMNgEEGnsEreLOerBfr3fpYtK5Z+cwx+APr8wfGpJE1</latexit><latexit sha1_base64="EZQX5egnwCre74tRNPuTCtHnVPg=">AAAB+HicbVDLSsNAFJ34rPXRqEs3g0VwoSEJBd0IRTcuW7APaNMwmU7aoTOTMDMRaumXuHGhiFs/xZ1/47TNQlsPXDiccy/33hOljCrtut/W2vrG5tZ2Yae4u7d/ULIPj5oqySQmDZywRLYjpAijgjQ01Yy0U0kQjxhpRaO7md96JFLRRDzocUoCjgaCxhQjbaTQLtV7/s2l71S6Fzz0en5ol13HnQOuEi8nZZCjFtpf3X6CM06Exgwp1fHcVAcTJDXFjEyL3UyRFOERGpCOoQJxooLJ/PApPDNKH8aJNCU0nKu/JyaIKzXmkenkSA/VsjcT//M6mY6vgwkVaaaJwItFccagTuAsBdinkmDNxoYgLKm5FeIhkghrk1XRhOAtv7xKmr7juY5Xr5Srt3kcBXACTsE58MAVqIJ7UAMNgEEGnsEreLOerBfr3fpYtK5Z+cwx+APr8wfGpJE1</latexit>

Q2 = 2.4m2
1

<latexit sha1_base64="CiyGTFSkUhLezbEirdnCdK8RfMs=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4kJCEgl6EohePLdgPaNOy2W7apbtJ2N0oJfR/ePGgiFf/izf/jds2B219MPB4b4aZeUHCmdKO822trW9sbm0Xdoq7e/sHh6Wj46aKU0log8Q8lu0AK8pZRBuaaU7biaRYBJy2gvHdzG89UqlYHD3oSUJ9gYcRCxnB2ki9es+78exK91L03Z7XL5Ud25kDrRI3J2XIUeuXvrqDmKSCRppwrFTHdRLtZ1hqRjidFrupogkmYzykHUMjLKjys/nVU3RulAEKY2kq0miu/p7IsFBqIgLTKbAeqWVvJv7ndVIdXvsZi5JU04gsFoUpRzpGswjQgElKNJ8Ygolk5lZERlhiok1QRROCu/zyKml6tuvYbr1Srt7mcRTgFM7gAly4gircQw0aQEDCM7zCm/VkvVjv1seidc3KZ07gD6zPH+LOkM0=</latexit><latexit sha1_base64="CiyGTFSkUhLezbEirdnCdK8RfMs=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4kJCEgl6EohePLdgPaNOy2W7apbtJ2N0oJfR/ePGgiFf/izf/jds2B219MPB4b4aZeUHCmdKO822trW9sbm0Xdoq7e/sHh6Wj46aKU0log8Q8lu0AK8pZRBuaaU7biaRYBJy2gvHdzG89UqlYHD3oSUJ9gYcRCxnB2ki9es+78exK91L03Z7XL5Ud25kDrRI3J2XIUeuXvrqDmKSCRppwrFTHdRLtZ1hqRjidFrupogkmYzykHUMjLKjys/nVU3RulAEKY2kq0miu/p7IsFBqIgLTKbAeqWVvJv7ndVIdXvsZi5JU04gsFoUpRzpGswjQgElKNJ8Ygolk5lZERlhiok1QRROCu/zyKml6tuvYbr1Srt7mcRTgFM7gAly4gircQw0aQEDCM7zCm/VkvVjv1seidc3KZ07gD6zPH+LOkM0=</latexit><latexit sha1_base64="CiyGTFSkUhLezbEirdnCdK8RfMs=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4kJCEgl6EohePLdgPaNOy2W7apbtJ2N0oJfR/ePGgiFf/izf/jds2B219MPB4b4aZeUHCmdKO822trW9sbm0Xdoq7e/sHh6Wj46aKU0log8Q8lu0AK8pZRBuaaU7biaRYBJy2gvHdzG89UqlYHD3oSUJ9gYcRCxnB2ki9es+78exK91L03Z7XL5Ud25kDrRI3J2XIUeuXvrqDmKSCRppwrFTHdRLtZ1hqRjidFrupogkmYzykHUMjLKjys/nVU3RulAEKY2kq0miu/p7IsFBqIgLTKbAeqWVvJv7ndVIdXvsZi5JU04gsFoUpRzpGswjQgElKNJ8Ygolk5lZERlhiok1QRROCu/zyKml6tuvYbr1Srt7mcRTgFM7gAly4gircQw0aQEDCM7zCm/VkvVjv1seidc3KZ07gD6zPH+LOkM0=</latexit><latexit sha1_base64="CiyGTFSkUhLezbEirdnCdK8RfMs=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4kJCEgl6EohePLdgPaNOy2W7apbtJ2N0oJfR/ePGgiFf/izf/jds2B219MPB4b4aZeUHCmdKO822trW9sbm0Xdoq7e/sHh6Wj46aKU0log8Q8lu0AK8pZRBuaaU7biaRYBJy2gvHdzG89UqlYHD3oSUJ9gYcRCxnB2ki9es+78exK91L03Z7XL5Ud25kDrRI3J2XIUeuXvrqDmKSCRppwrFTHdRLtZ1hqRjidFrupogkmYzykHUMjLKjys/nVU3RulAEKY2kq0miu/p7IsFBqIgLTKbAeqWVvJv7ndVIdXvsZi5JU04gsFoUpRzpGswjQgElKNJ8Ygolk5lZERlhiok1QRROCu/zyKml6tuvYbr1Srt7mcRTgFM7gAly4gircQw0aQEDCM7zCm/VkvVjv1seidc3KZ07gD6zPH+LOkM0=</latexit>

Q2 = �2.4m2
1

<latexit sha1_base64="EZQX5egnwCre74tRNPuTCtHnVPg=">AAAB+HicbVDLSsNAFJ34rPXRqEs3g0VwoSEJBd0IRTcuW7APaNMwmU7aoTOTMDMRaumXuHGhiFs/xZ1/47TNQlsPXDiccy/33hOljCrtut/W2vrG5tZ2Yae4u7d/ULIPj5oqySQmDZywRLYjpAijgjQ01Yy0U0kQjxhpRaO7md96JFLRRDzocUoCjgaCxhQjbaTQLtV7/s2l71S6Fzz0en5ol13HnQOuEi8nZZCjFtpf3X6CM06Exgwp1fHcVAcTJDXFjEyL3UyRFOERGpCOoQJxooLJ/PApPDNKH8aJNCU0nKu/JyaIKzXmkenkSA/VsjcT//M6mY6vgwkVaaaJwItFccagTuAsBdinkmDNxoYgLKm5FeIhkghrk1XRhOAtv7xKmr7juY5Xr5Srt3kcBXACTsE58MAVqIJ7UAMNgEEGnsEreLOerBfr3fpYtK5Z+cwx+APr8wfGpJE1</latexit><latexit sha1_base64="EZQX5egnwCre74tRNPuTCtHnVPg=">AAAB+HicbVDLSsNAFJ34rPXRqEs3g0VwoSEJBd0IRTcuW7APaNMwmU7aoTOTMDMRaumXuHGhiFs/xZ1/47TNQlsPXDiccy/33hOljCrtut/W2vrG5tZ2Yae4u7d/ULIPj5oqySQmDZywRLYjpAijgjQ01Yy0U0kQjxhpRaO7md96JFLRRDzocUoCjgaCxhQjbaTQLtV7/s2l71S6Fzz0en5ol13HnQOuEi8nZZCjFtpf3X6CM06Exgwp1fHcVAcTJDXFjEyL3UyRFOERGpCOoQJxooLJ/PApPDNKH8aJNCU0nKu/JyaIKzXmkenkSA/VsjcT//M6mY6vgwkVaaaJwItFccagTuAsBdinkmDNxoYgLKm5FeIhkghrk1XRhOAtv7xKmr7juY5Xr5Srt3kcBXACTsE58MAVqIJ7UAMNgEEGnsEreLOerBfr3fpYtK5Z+cwx+APr8wfGpJE1</latexit><latexit sha1_base64="EZQX5egnwCre74tRNPuTCtHnVPg=">AAAB+HicbVDLSsNAFJ34rPXRqEs3g0VwoSEJBd0IRTcuW7APaNMwmU7aoTOTMDMRaumXuHGhiFs/xZ1/47TNQlsPXDiccy/33hOljCrtut/W2vrG5tZ2Yae4u7d/ULIPj5oqySQmDZywRLYjpAijgjQ01Yy0U0kQjxhpRaO7md96JFLRRDzocUoCjgaCxhQjbaTQLtV7/s2l71S6Fzz0en5ol13HnQOuEi8nZZCjFtpf3X6CM06Exgwp1fHcVAcTJDXFjEyL3UyRFOERGpCOoQJxooLJ/PApPDNKH8aJNCU0nKu/JyaIKzXmkenkSA/VsjcT//M6mY6vgwkVaaaJwItFccagTuAsBdinkmDNxoYgLKm5FeIhkghrk1XRhOAtv7xKmr7juY5Xr5Srt3kcBXACTsE58MAVqIJ7UAMNgEEGnsEreLOerBfr3fpYtK5Z+cwx+APr8wfGpJE1</latexit><latexit sha1_base64="EZQX5egnwCre74tRNPuTCtHnVPg=">AAAB+HicbVDLSsNAFJ34rPXRqEs3g0VwoSEJBd0IRTcuW7APaNMwmU7aoTOTMDMRaumXuHGhiFs/xZ1/47TNQlsPXDiccy/33hOljCrtut/W2vrG5tZ2Yae4u7d/ULIPj5oqySQmDZywRLYjpAijgjQ01Yy0U0kQjxhpRaO7md96JFLRRDzocUoCjgaCxhQjbaTQLtV7/s2l71S6Fzz0en5ol13HnQOuEi8nZZCjFtpf3X6CM06Exgwp1fHcVAcTJDXFjEyL3UyRFOERGpCOoQJxooLJ/PApPDNKH8aJNCU0nKu/JyaIKzXmkenkSA/VsjcT//M6mY6vgwkVaaaJwItFccagTuAsBdinkmDNxoYgLKm5FeIhkghrk1XRhOAtv7xKmr7juY5Xr5Srt3kcBXACTsE58MAVqIJ7UAMNgEEGnsEreLOerBfr3fpYtK5Z+cwx+APr8wfGpJE1</latexit>

Q2 = 2.4m2
1

<latexit sha1_base64="CiyGTFSkUhLezbEirdnCdK8RfMs=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4kJCEgl6EohePLdgPaNOy2W7apbtJ2N0oJfR/ePGgiFf/izf/jds2B219MPB4b4aZeUHCmdKO822trW9sbm0Xdoq7e/sHh6Wj46aKU0log8Q8lu0AK8pZRBuaaU7biaRYBJy2gvHdzG89UqlYHD3oSUJ9gYcRCxnB2ki9es+78exK91L03Z7XL5Ud25kDrRI3J2XIUeuXvrqDmKSCRppwrFTHdRLtZ1hqRjidFrupogkmYzykHUMjLKjys/nVU3RulAEKY2kq0miu/p7IsFBqIgLTKbAeqWVvJv7ndVIdXvsZi5JU04gsFoUpRzpGswjQgElKNJ8Ygolk5lZERlhiok1QRROCu/zyKml6tuvYbr1Srt7mcRTgFM7gAly4gircQw0aQEDCM7zCm/VkvVjv1seidc3KZ07gD6zPH+LOkM0=</latexit><latexit sha1_base64="CiyGTFSkUhLezbEirdnCdK8RfMs=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4kJCEgl6EohePLdgPaNOy2W7apbtJ2N0oJfR/ePGgiFf/izf/jds2B219MPB4b4aZeUHCmdKO822trW9sbm0Xdoq7e/sHh6Wj46aKU0log8Q8lu0AK8pZRBuaaU7biaRYBJy2gvHdzG89UqlYHD3oSUJ9gYcRCxnB2ki9es+78exK91L03Z7XL5Ud25kDrRI3J2XIUeuXvrqDmKSCRppwrFTHdRLtZ1hqRjidFrupogkmYzykHUMjLKjys/nVU3RulAEKY2kq0miu/p7IsFBqIgLTKbAeqWVvJv7ndVIdXvsZi5JU04gsFoUpRzpGswjQgElKNJ8Ygolk5lZERlhiok1QRROCu/zyKml6tuvYbr1Srt7mcRTgFM7gAly4gircQw0aQEDCM7zCm/VkvVjv1seidc3KZ07gD6zPH+LOkM0=</latexit><latexit sha1_base64="CiyGTFSkUhLezbEirdnCdK8RfMs=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4kJCEgl6EohePLdgPaNOy2W7apbtJ2N0oJfR/ePGgiFf/izf/jds2B219MPB4b4aZeUHCmdKO822trW9sbm0Xdoq7e/sHh6Wj46aKU0log8Q8lu0AK8pZRBuaaU7biaRYBJy2gvHdzG89UqlYHD3oSUJ9gYcRCxnB2ki9es+78exK91L03Z7XL5Ud25kDrRI3J2XIUeuXvrqDmKSCRppwrFTHdRLtZ1hqRjidFrupogkmYzykHUMjLKjys/nVU3RulAEKY2kq0miu/p7IsFBqIgLTKbAeqWVvJv7ndVIdXvsZi5JU04gsFoUpRzpGswjQgElKNJ8Ygolk5lZERlhiok1QRROCu/zyKml6tuvYbr1Srt7mcRTgFM7gAly4gircQw0aQEDCM7zCm/VkvVjv1seidc3KZ07gD6zPH+LOkM0=</latexit><latexit sha1_base64="CiyGTFSkUhLezbEirdnCdK8RfMs=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4kJCEgl6EohePLdgPaNOy2W7apbtJ2N0oJfR/ePGgiFf/izf/jds2B219MPB4b4aZeUHCmdKO822trW9sbm0Xdoq7e/sHh6Wj46aKU0log8Q8lu0AK8pZRBuaaU7biaRYBJy2gvHdzG89UqlYHD3oSUJ9gYcRCxnB2ki9es+78exK91L03Z7XL5Ud25kDrRI3J2XIUeuXvrqDmKSCRppwrFTHdRLtZ1hqRjidFrupogkmYzykHUMjLKjys/nVU3RulAEKY2kq0miu/p7IsFBqIgLTKbAeqWVvJv7ndVIdXvsZi5JU04gsFoUpRzpGswjQgElKNJ8Ygolk5lZERlhiok1QRROCu/zyKml6tuvYbr1Srt7mcRTgFM7gAly4gircQw0aQEDCM7zCm/VkvVjv1seidc3KZ07gD6zPH+LOkM0=</latexit>
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synthetic data

❖ spectrum 
❖ discrete  
❖ 5 frames  
❖  

❖ transition 
❖   
❖

En

(m1L = 5)

(Q2, En)

ℱL

Q2

E⋆

2.0 2.2 2.4 2.6 2.8 3.0 3.2 3.4 E?/m1

°4

°2

0

2

4

6

Q
2 /

m
2 1



Analyzing The Data



can we reproduce ?ℳ
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How To Define A Resonance?

❖ peak position? 
❖ half-max width??

1. analytically continue  to pole 
2. decompose as 
 
 

3. pole and residues/couplings!

ℳ

ℳij ≈
ci cj

sP − s



can we reproduce ?ℳ

ℳij ≈
ci cj

sP − s
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can we reproduce ?ℳ

but we already knew that
Guo et al., 1211.0929



can we reproduce ?ℋ
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E? = 2.6m1
<latexit sha1_base64="g/Q3g1lhnw2UYXmdEamBFICGrHE=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkJSRN0IRRFcVrAPaGKYTKft0JlJmJkoJfZT3LhQxK1f4s6/cdpmoa0HLhzOuZd774kSRpV23W+rsLS8srpWXC9tbG5t79jl3aaKU4lJA8cslu0IKcKoIA1NNSPtRBLEI0Za0fBq4rceiFQ0Fnd6lJCAo76gPYqRNlJol6/vfaWRvKg6p/4x5KEX2hXXcaeAi8TLSQXkqIf2l9+NccqJ0JghpTqem+ggQ1JTzMi45KeKJAgPUZ90DBWIExVk09PH8NAoXdiLpSmh4VT9PZEhrtSIR6aTIz1Q895E/M/rpLp3HmRUJKkmAs8W9VIGdQwnOcAulQRrNjIEYUnNrRAPkERYm7RKJgRv/uVF0qw6nut4tyeV2mUeRxHsgwNwBDxwBmrgBtRBA2DwCJ7BK3iznqwX6936mLUWrHxmD/yB9fkDA3WShg==</latexit><latexit sha1_base64="g/Q3g1lhnw2UYXmdEamBFICGrHE=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkJSRN0IRRFcVrAPaGKYTKft0JlJmJkoJfZT3LhQxK1f4s6/cdpmoa0HLhzOuZd774kSRpV23W+rsLS8srpWXC9tbG5t79jl3aaKU4lJA8cslu0IKcKoIA1NNSPtRBLEI0Za0fBq4rceiFQ0Fnd6lJCAo76gPYqRNlJol6/vfaWRvKg6p/4x5KEX2hXXcaeAi8TLSQXkqIf2l9+NccqJ0JghpTqem+ggQ1JTzMi45KeKJAgPUZ90DBWIExVk09PH8NAoXdiLpSmh4VT9PZEhrtSIR6aTIz1Q895E/M/rpLp3HmRUJKkmAs8W9VIGdQwnOcAulQRrNjIEYUnNrRAPkERYm7RKJgRv/uVF0qw6nut4tyeV2mUeRxHsgwNwBDxwBmrgBtRBA2DwCJ7BK3iznqwX6936mLUWrHxmD/yB9fkDA3WShg==</latexit><latexit sha1_base64="g/Q3g1lhnw2UYXmdEamBFICGrHE=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkJSRN0IRRFcVrAPaGKYTKft0JlJmJkoJfZT3LhQxK1f4s6/cdpmoa0HLhzOuZd774kSRpV23W+rsLS8srpWXC9tbG5t79jl3aaKU4lJA8cslu0IKcKoIA1NNSPtRBLEI0Za0fBq4rceiFQ0Fnd6lJCAo76gPYqRNlJol6/vfaWRvKg6p/4x5KEX2hXXcaeAi8TLSQXkqIf2l9+NccqJ0JghpTqem+ggQ1JTzMi45KeKJAgPUZ90DBWIExVk09PH8NAoXdiLpSmh4VT9PZEhrtSIR6aTIz1Q895E/M/rpLp3HmRUJKkmAs8W9VIGdQwnOcAulQRrNjIEYUnNrRAPkERYm7RKJgRv/uVF0qw6nut4tyeV2mUeRxHsgwNwBDxwBmrgBtRBA2DwCJ7BK3iznqwX6936mLUWrHxmD/yB9fkDA3WShg==</latexit><latexit sha1_base64="g/Q3g1lhnw2UYXmdEamBFICGrHE=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkJSRN0IRRFcVrAPaGKYTKft0JlJmJkoJfZT3LhQxK1f4s6/cdpmoa0HLhzOuZd774kSRpV23W+rsLS8srpWXC9tbG5t79jl3aaKU4lJA8cslu0IKcKoIA1NNSPtRBLEI0Za0fBq4rceiFQ0Fnd6lJCAo76gPYqRNlJol6/vfaWRvKg6p/4x5KEX2hXXcaeAi8TLSQXkqIf2l9+NccqJ0JghpTqem+ggQ1JTzMi45KeKJAgPUZ90DBWIExVk09PH8NAoXdiLpSmh4VT9PZEhrtSIR6aTIz1Q895E/M/rpLp3HmRUJKkmAs8W9VIGdQwnOcAulQRrNjIEYUnNrRAPkERYm7RKJgRv/uVF0qw6nut4tyeV2mUeRxHsgwNwBDxwBmrgBtRBA2DwCJ7BK3iznqwX6936mLUWrHxmD/yB9fkDA3WShg==</latexit>

E? = 3.2m1
<latexit sha1_base64="lWjwjkN7YNEdt7wr5Grgzve1k4U=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkJSBd0IRRFcVrAPaGKYTKft0JlJmJkoJfZT3LhQxK1f4s6/cdpmoa0HLhzOuZd774kSRpV23W+rsLS8srpWXC9tbG5t79jl3aaKU4lJA8cslu0IKcKoIA1NNSPtRBLEI0Za0fBq4rceiFQ0Fnd6lJCAo76gPYqRNlJol6/vfaWRvDhxqv4x5KEX2hXXcaeAi8TLSQXkqIf2l9+NccqJ0JghpTqem+ggQ1JTzMi45KeKJAgPUZ90DBWIExVk09PH8NAoXdiLpSmh4VT9PZEhrtSIR6aTIz1Q895E/M/rpLp3HmRUJKkmAs8W9VIGdQwnOcAulQRrNjIEYUnNrRAPkERYm7RKJgRv/uVF0qw6nut4t6eV2mUeRxHsgwNwBDxwBmrgBtRBA2DwCJ7BK3iznqwX6936mLUWrHxmD/yB9fkD/sqSgw==</latexit><latexit sha1_base64="lWjwjkN7YNEdt7wr5Grgzve1k4U=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkJSBd0IRRFcVrAPaGKYTKft0JlJmJkoJfZT3LhQxK1f4s6/cdpmoa0HLhzOuZd774kSRpV23W+rsLS8srpWXC9tbG5t79jl3aaKU4lJA8cslu0IKcKoIA1NNSPtRBLEI0Za0fBq4rceiFQ0Fnd6lJCAo76gPYqRNlJol6/vfaWRvDhxqv4x5KEX2hXXcaeAi8TLSQXkqIf2l9+NccqJ0JghpTqem+ggQ1JTzMi45KeKJAgPUZ90DBWIExVk09PH8NAoXdiLpSmh4VT9PZEhrtSIR6aTIz1Q895E/M/rpLp3HmRUJKkmAs8W9VIGdQwnOcAulQRrNjIEYUnNrRAPkERYm7RKJgRv/uVF0qw6nut4t6eV2mUeRxHsgwNwBDxwBmrgBtRBA2DwCJ7BK3iznqwX6936mLUWrHxmD/yB9fkD/sqSgw==</latexit><latexit sha1_base64="lWjwjkN7YNEdt7wr5Grgzve1k4U=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkJSBd0IRRFcVrAPaGKYTKft0JlJmJkoJfZT3LhQxK1f4s6/cdpmoa0HLhzOuZd774kSRpV23W+rsLS8srpWXC9tbG5t79jl3aaKU4lJA8cslu0IKcKoIA1NNSPtRBLEI0Za0fBq4rceiFQ0Fnd6lJCAo76gPYqRNlJol6/vfaWRvDhxqv4x5KEX2hXXcaeAi8TLSQXkqIf2l9+NccqJ0JghpTqem+ggQ1JTzMi45KeKJAgPUZ90DBWIExVk09PH8NAoXdiLpSmh4VT9PZEhrtSIR6aTIz1Q895E/M/rpLp3HmRUJKkmAs8W9VIGdQwnOcAulQRrNjIEYUnNrRAPkERYm7RKJgRv/uVF0qw6nut4t6eV2mUeRxHsgwNwBDxwBmrgBtRBA2DwCJ7BK3iznqwX6936mLUWrHxmD/yB9fkD/sqSgw==</latexit><latexit sha1_base64="lWjwjkN7YNEdt7wr5Grgzve1k4U=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkJSBd0IRRFcVrAPaGKYTKft0JlJmJkoJfZT3LhQxK1f4s6/cdpmoa0HLhzOuZd774kSRpV23W+rsLS8srpWXC9tbG5t79jl3aaKU4lJA8cslu0IKcKoIA1NNSPtRBLEI0Za0fBq4rceiFQ0Fnd6lJCAo76gPYqRNlJol6/vfaWRvDhxqv4x5KEX2hXXcaeAi8TLSQXkqIf2l9+NccqJ0JghpTqem+ggQ1JTzMi45KeKJAgPUZ90DBWIExVk09PH8NAoXdiLpSmh4VT9PZEhrtSIR6aTIz1Q895E/M/rpLp3HmRUJKkmAs8W9VIGdQwnOcAulQRrNjIEYUnNrRAPkERYm7RKJgRv/uVF0qw6nut4t6eV2mUeRxHsgwNwBDxwBmrgBtRBA2DwCJ7BK3iznqwX6936mLUWrHxmD/yB9fkD/sqSgw==</latexit>

Q2 = �2.4m2
1

<latexit sha1_base64="EZQX5egnwCre74tRNPuTCtHnVPg=">AAAB+HicbVDLSsNAFJ34rPXRqEs3g0VwoSEJBd0IRTcuW7APaNMwmU7aoTOTMDMRaumXuHGhiFs/xZ1/47TNQlsPXDiccy/33hOljCrtut/W2vrG5tZ2Yae4u7d/ULIPj5oqySQmDZywRLYjpAijgjQ01Yy0U0kQjxhpRaO7md96JFLRRDzocUoCjgaCxhQjbaTQLtV7/s2l71S6Fzz0en5ol13HnQOuEi8nZZCjFtpf3X6CM06Exgwp1fHcVAcTJDXFjEyL3UyRFOERGpCOoQJxooLJ/PApPDNKH8aJNCU0nKu/JyaIKzXmkenkSA/VsjcT//M6mY6vgwkVaaaJwItFccagTuAsBdinkmDNxoYgLKm5FeIhkghrk1XRhOAtv7xKmr7juY5Xr5Srt3kcBXACTsE58MAVqIJ7UAMNgEEGnsEreLOerBfr3fpYtK5Z+cwx+APr8wfGpJE1</latexit><latexit sha1_base64="EZQX5egnwCre74tRNPuTCtHnVPg=">AAAB+HicbVDLSsNAFJ34rPXRqEs3g0VwoSEJBd0IRTcuW7APaNMwmU7aoTOTMDMRaumXuHGhiFs/xZ1/47TNQlsPXDiccy/33hOljCrtut/W2vrG5tZ2Yae4u7d/ULIPj5oqySQmDZywRLYjpAijgjQ01Yy0U0kQjxhpRaO7md96JFLRRDzocUoCjgaCxhQjbaTQLtV7/s2l71S6Fzz0en5ol13HnQOuEi8nZZCjFtpf3X6CM06Exgwp1fHcVAcTJDXFjEyL3UyRFOERGpCOoQJxooLJ/PApPDNKH8aJNCU0nKu/JyaIKzXmkenkSA/VsjcT//M6mY6vgwkVaaaJwItFccagTuAsBdinkmDNxoYgLKm5FeIhkghrk1XRhOAtv7xKmr7juY5Xr5Srt3kcBXACTsE58MAVqIJ7UAMNgEEGnsEreLOerBfr3fpYtK5Z+cwx+APr8wfGpJE1</latexit><latexit sha1_base64="EZQX5egnwCre74tRNPuTCtHnVPg=">AAAB+HicbVDLSsNAFJ34rPXRqEs3g0VwoSEJBd0IRTcuW7APaNMwmU7aoTOTMDMRaumXuHGhiFs/xZ1/47TNQlsPXDiccy/33hOljCrtut/W2vrG5tZ2Yae4u7d/ULIPj5oqySQmDZywRLYjpAijgjQ01Yy0U0kQjxhpRaO7md96JFLRRDzocUoCjgaCxhQjbaTQLtV7/s2l71S6Fzz0en5ol13HnQOuEi8nZZCjFtpf3X6CM06Exgwp1fHcVAcTJDXFjEyL3UyRFOERGpCOoQJxooLJ/PApPDNKH8aJNCU0nKu/JyaIKzXmkenkSA/VsjcT//M6mY6vgwkVaaaJwItFccagTuAsBdinkmDNxoYgLKm5FeIhkghrk1XRhOAtv7xKmr7juY5Xr5Srt3kcBXACTsE58MAVqIJ7UAMNgEEGnsEreLOerBfr3fpYtK5Z+cwx+APr8wfGpJE1</latexit><latexit sha1_base64="EZQX5egnwCre74tRNPuTCtHnVPg=">AAAB+HicbVDLSsNAFJ34rPXRqEs3g0VwoSEJBd0IRTcuW7APaNMwmU7aoTOTMDMRaumXuHGhiFs/xZ1/47TNQlsPXDiccy/33hOljCrtut/W2vrG5tZ2Yae4u7d/ULIPj5oqySQmDZywRLYjpAijgjQ01Yy0U0kQjxhpRaO7md96JFLRRDzocUoCjgaCxhQjbaTQLtV7/s2l71S6Fzz0en5ol13HnQOuEi8nZZCjFtpf3X6CM06Exgwp1fHcVAcTJDXFjEyL3UyRFOERGpCOoQJxooLJ/PApPDNKH8aJNCU0nKu/JyaIKzXmkenkSA/VsjcT//M6mY6vgwkVaaaJwItFccagTuAsBdinkmDNxoYgLKm5FeIhkghrk1XRhOAtv7xKmr7juY5Xr5Srt3kcBXACTsE58MAVqIJ7UAMNgEEGnsEreLOerBfr3fpYtK5Z+cwx+APr8wfGpJE1</latexit>

Q2 = 2.4m2
1

<latexit sha1_base64="CiyGTFSkUhLezbEirdnCdK8RfMs=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4kJCEgl6EohePLdgPaNOy2W7apbtJ2N0oJfR/ePGgiFf/izf/jds2B219MPB4b4aZeUHCmdKO822trW9sbm0Xdoq7e/sHh6Wj46aKU0log8Q8lu0AK8pZRBuaaU7biaRYBJy2gvHdzG89UqlYHD3oSUJ9gYcRCxnB2ki9es+78exK91L03Z7XL5Ud25kDrRI3J2XIUeuXvrqDmKSCRppwrFTHdRLtZ1hqRjidFrupogkmYzykHUMjLKjys/nVU3RulAEKY2kq0miu/p7IsFBqIgLTKbAeqWVvJv7ndVIdXvsZi5JU04gsFoUpRzpGswjQgElKNJ8Ygolk5lZERlhiok1QRROCu/zyKml6tuvYbr1Srt7mcRTgFM7gAly4gircQw0aQEDCM7zCm/VkvVjv1seidc3KZ07gD6zPH+LOkM0=</latexit><latexit sha1_base64="CiyGTFSkUhLezbEirdnCdK8RfMs=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4kJCEgl6EohePLdgPaNOy2W7apbtJ2N0oJfR/ePGgiFf/izf/jds2B219MPB4b4aZeUHCmdKO822trW9sbm0Xdoq7e/sHh6Wj46aKU0log8Q8lu0AK8pZRBuaaU7biaRYBJy2gvHdzG89UqlYHD3oSUJ9gYcRCxnB2ki9es+78exK91L03Z7XL5Ud25kDrRI3J2XIUeuXvrqDmKSCRppwrFTHdRLtZ1hqRjidFrupogkmYzykHUMjLKjys/nVU3RulAEKY2kq0miu/p7IsFBqIgLTKbAeqWVvJv7ndVIdXvsZi5JU04gsFoUpRzpGswjQgElKNJ8Ygolk5lZERlhiok1QRROCu/zyKml6tuvYbr1Srt7mcRTgFM7gAly4gircQw0aQEDCM7zCm/VkvVjv1seidc3KZ07gD6zPH+LOkM0=</latexit><latexit sha1_base64="CiyGTFSkUhLezbEirdnCdK8RfMs=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4kJCEgl6EohePLdgPaNOy2W7apbtJ2N0oJfR/ePGgiFf/izf/jds2B219MPB4b4aZeUHCmdKO822trW9sbm0Xdoq7e/sHh6Wj46aKU0log8Q8lu0AK8pZRBuaaU7biaRYBJy2gvHdzG89UqlYHD3oSUJ9gYcRCxnB2ki9es+78exK91L03Z7XL5Ud25kDrRI3J2XIUeuXvrqDmKSCRppwrFTHdRLtZ1hqRjidFrupogkmYzykHUMjLKjys/nVU3RulAEKY2kq0miu/p7IsFBqIgLTKbAeqWVvJv7ndVIdXvsZi5JU04gsFoUpRzpGswjQgElKNJ8Ygolk5lZERlhiok1QRROCu/zyKml6tuvYbr1Srt7mcRTgFM7gAly4gircQw0aQEDCM7zCm/VkvVjv1seidc3KZ07gD6zPH+LOkM0=</latexit><latexit sha1_base64="CiyGTFSkUhLezbEirdnCdK8RfMs=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4kJCEgl6EohePLdgPaNOy2W7apbtJ2N0oJfR/ePGgiFf/izf/jds2B219MPB4b4aZeUHCmdKO822trW9sbm0Xdoq7e/sHh6Wj46aKU0log8Q8lu0AK8pZRBuaaU7biaRYBJy2gvHdzG89UqlYHD3oSUJ9gYcRCxnB2ki9es+78exK91L03Z7XL5Ud25kDrRI3J2XIUeuXvrqDmKSCRppwrFTHdRLtZ1hqRjidFrupogkmYzykHUMjLKjys/nVU3RulAEKY2kq0miu/p7IsFBqIgLTKbAeqWVvJv7ndVIdXvsZi5JU04gsFoUpRzpGswjQgElKNJ8Ygolk5lZERlhiok1QRROCu/zyKml6tuvYbr1Srt7mcRTgFM7gAly4gircQw0aQEDCM7zCm/VkvVjv1seidc3KZ07gD6zPH+LOkM0=</latexit>

E? = 2.6m1
<latexit sha1_base64="g/Q3g1lhnw2UYXmdEamBFICGrHE=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkJSRN0IRRFcVrAPaGKYTKft0JlJmJkoJfZT3LhQxK1f4s6/cdpmoa0HLhzOuZd774kSRpV23W+rsLS8srpWXC9tbG5t79jl3aaKU4lJA8cslu0IKcKoIA1NNSPtRBLEI0Za0fBq4rceiFQ0Fnd6lJCAo76gPYqRNlJol6/vfaWRvKg6p/4x5KEX2hXXcaeAi8TLSQXkqIf2l9+NccqJ0JghpTqem+ggQ1JTzMi45KeKJAgPUZ90DBWIExVk09PH8NAoXdiLpSmh4VT9PZEhrtSIR6aTIz1Q895E/M/rpLp3HmRUJKkmAs8W9VIGdQwnOcAulQRrNjIEYUnNrRAPkERYm7RKJgRv/uVF0qw6nut4tyeV2mUeRxHsgwNwBDxwBmrgBtRBA2DwCJ7BK3iznqwX6936mLUWrHxmD/yB9fkDA3WShg==</latexit><latexit sha1_base64="g/Q3g1lhnw2UYXmdEamBFICGrHE=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkJSRN0IRRFcVrAPaGKYTKft0JlJmJkoJfZT3LhQxK1f4s6/cdpmoa0HLhzOuZd774kSRpV23W+rsLS8srpWXC9tbG5t79jl3aaKU4lJA8cslu0IKcKoIA1NNSPtRBLEI0Za0fBq4rceiFQ0Fnd6lJCAo76gPYqRNlJol6/vfaWRvKg6p/4x5KEX2hXXcaeAi8TLSQXkqIf2l9+NccqJ0JghpTqem+ggQ1JTzMi45KeKJAgPUZ90DBWIExVk09PH8NAoXdiLpSmh4VT9PZEhrtSIR6aTIz1Q895E/M/rpLp3HmRUJKkmAs8W9VIGdQwnOcAulQRrNjIEYUnNrRAPkERYm7RKJgRv/uVF0qw6nut4tyeV2mUeRxHsgwNwBDxwBmrgBtRBA2DwCJ7BK3iznqwX6936mLUWrHxmD/yB9fkDA3WShg==</latexit><latexit sha1_base64="g/Q3g1lhnw2UYXmdEamBFICGrHE=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkJSRN0IRRFcVrAPaGKYTKft0JlJmJkoJfZT3LhQxK1f4s6/cdpmoa0HLhzOuZd774kSRpV23W+rsLS8srpWXC9tbG5t79jl3aaKU4lJA8cslu0IKcKoIA1NNSPtRBLEI0Za0fBq4rceiFQ0Fnd6lJCAo76gPYqRNlJol6/vfaWRvKg6p/4x5KEX2hXXcaeAi8TLSQXkqIf2l9+NccqJ0JghpTqem+ggQ1JTzMi45KeKJAgPUZ90DBWIExVk09PH8NAoXdiLpSmh4VT9PZEhrtSIR6aTIz1Q895E/M/rpLp3HmRUJKkmAs8W9VIGdQwnOcAulQRrNjIEYUnNrRAPkERYm7RKJgRv/uVF0qw6nut4tyeV2mUeRxHsgwNwBDxwBmrgBtRBA2DwCJ7BK3iznqwX6936mLUWrHxmD/yB9fkDA3WShg==</latexit><latexit sha1_base64="g/Q3g1lhnw2UYXmdEamBFICGrHE=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkJSRN0IRRFcVrAPaGKYTKft0JlJmJkoJfZT3LhQxK1f4s6/cdpmoa0HLhzOuZd774kSRpV23W+rsLS8srpWXC9tbG5t79jl3aaKU4lJA8cslu0IKcKoIA1NNSPtRBLEI0Za0fBq4rceiFQ0Fnd6lJCAo76gPYqRNlJol6/vfaWRvKg6p/4x5KEX2hXXcaeAi8TLSQXkqIf2l9+NccqJ0JghpTqem+ggQ1JTzMi45KeKJAgPUZ90DBWIExVk09PH8NAoXdiLpSmh4VT9PZEhrtSIR6aTIz1Q895E/M/rpLp3HmRUJKkmAs8W9VIGdQwnOcAulQRrNjIEYUnNrRAPkERYm7RKJgRv/uVF0qw6nut4tyeV2mUeRxHsgwNwBDxwBmrgBtRBA2DwCJ7BK3iznqwX6936mLUWrHxmD/yB9fkDA3WShg==</latexit>

E? = 3.2m1
<latexit sha1_base64="lWjwjkN7YNEdt7wr5Grgzve1k4U=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkJSBd0IRRFcVrAPaGKYTKft0JlJmJkoJfZT3LhQxK1f4s6/cdpmoa0HLhzOuZd774kSRpV23W+rsLS8srpWXC9tbG5t79jl3aaKU4lJA8cslu0IKcKoIA1NNSPtRBLEI0Za0fBq4rceiFQ0Fnd6lJCAo76gPYqRNlJol6/vfaWRvDhxqv4x5KEX2hXXcaeAi8TLSQXkqIf2l9+NccqJ0JghpTqem+ggQ1JTzMi45KeKJAgPUZ90DBWIExVk09PH8NAoXdiLpSmh4VT9PZEhrtSIR6aTIz1Q895E/M/rpLp3HmRUJKkmAs8W9VIGdQwnOcAulQRrNjIEYUnNrRAPkERYm7RKJgRv/uVF0qw6nut4t6eV2mUeRxHsgwNwBDxwBmrgBtRBA2DwCJ7BK3iznqwX6936mLUWrHxmD/yB9fkD/sqSgw==</latexit><latexit sha1_base64="lWjwjkN7YNEdt7wr5Grgzve1k4U=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkJSBd0IRRFcVrAPaGKYTKft0JlJmJkoJfZT3LhQxK1f4s6/cdpmoa0HLhzOuZd774kSRpV23W+rsLS8srpWXC9tbG5t79jl3aaKU4lJA8cslu0IKcKoIA1NNSPtRBLEI0Za0fBq4rceiFQ0Fnd6lJCAo76gPYqRNlJol6/vfaWRvDhxqv4x5KEX2hXXcaeAi8TLSQXkqIf2l9+NccqJ0JghpTqem+ggQ1JTzMi45KeKJAgPUZ90DBWIExVk09PH8NAoXdiLpSmh4VT9PZEhrtSIR6aTIz1Q895E/M/rpLp3HmRUJKkmAs8W9VIGdQwnOcAulQRrNjIEYUnNrRAPkERYm7RKJgRv/uVF0qw6nut4t6eV2mUeRxHsgwNwBDxwBmrgBtRBA2DwCJ7BK3iznqwX6936mLUWrHxmD/yB9fkD/sqSgw==</latexit><latexit sha1_base64="lWjwjkN7YNEdt7wr5Grgzve1k4U=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkJSBd0IRRFcVrAPaGKYTKft0JlJmJkoJfZT3LhQxK1f4s6/cdpmoa0HLhzOuZd774kSRpV23W+rsLS8srpWXC9tbG5t79jl3aaKU4lJA8cslu0IKcKoIA1NNSPtRBLEI0Za0fBq4rceiFQ0Fnd6lJCAo76gPYqRNlJol6/vfaWRvDhxqv4x5KEX2hXXcaeAi8TLSQXkqIf2l9+NccqJ0JghpTqem+ggQ1JTzMi45KeKJAgPUZ90DBWIExVk09PH8NAoXdiLpSmh4VT9PZEhrtSIR6aTIz1Q895E/M/rpLp3HmRUJKkmAs8W9VIGdQwnOcAulQRrNjIEYUnNrRAPkERYm7RKJgRv/uVF0qw6nut4t6eV2mUeRxHsgwNwBDxwBmrgBtRBA2DwCJ7BK3iznqwX6936mLUWrHxmD/yB9fkD/sqSgw==</latexit><latexit sha1_base64="lWjwjkN7YNEdt7wr5Grgzve1k4U=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkJSBd0IRRFcVrAPaGKYTKft0JlJmJkoJfZT3LhQxK1f4s6/cdpmoa0HLhzOuZd774kSRpV23W+rsLS8srpWXC9tbG5t79jl3aaKU4lJA8cslu0IKcKoIA1NNSPtRBLEI0Za0fBq4rceiFQ0Fnd6lJCAo76gPYqRNlJol6/vfaWRvDhxqv4x5KEX2hXXcaeAi8TLSQXkqIf2l9+NccqJ0JghpTqem+ggQ1JTzMi45KeKJAgPUZ90DBWIExVk09PH8NAoXdiLpSmh4VT9PZEhrtSIR6aTIz1Q895E/M/rpLp3HmRUJKkmAs8W9VIGdQwnOcAulQRrNjIEYUnNrRAPkERYm7RKJgRv/uVF0qw6nut4t6eV2mUeRxHsgwNwBDxwBmrgBtRBA2DwCJ7BK3iznqwX6936mLUWrHxmD/yB9fkD/sqSgw==</latexit>
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E? = 2.6m1
<latexit sha1_base64="g/Q3g1lhnw2UYXmdEamBFICGrHE=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkJSRN0IRRFcVrAPaGKYTKft0JlJmJkoJfZT3LhQxK1f4s6/cdpmoa0HLhzOuZd774kSRpV23W+rsLS8srpWXC9tbG5t79jl3aaKU4lJA8cslu0IKcKoIA1NNSPtRBLEI0Za0fBq4rceiFQ0Fnd6lJCAo76gPYqRNlJol6/vfaWRvKg6p/4x5KEX2hXXcaeAi8TLSQXkqIf2l9+NccqJ0JghpTqem+ggQ1JTzMi45KeKJAgPUZ90DBWIExVk09PH8NAoXdiLpSmh4VT9PZEhrtSIR6aTIz1Q895E/M/rpLp3HmRUJKkmAs8W9VIGdQwnOcAulQRrNjIEYUnNrRAPkERYm7RKJgRv/uVF0qw6nut4tyeV2mUeRxHsgwNwBDxwBmrgBtRBA2DwCJ7BK3iznqwX6936mLUWrHxmD/yB9fkDA3WShg==</latexit><latexit sha1_base64="g/Q3g1lhnw2UYXmdEamBFICGrHE=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkJSRN0IRRFcVrAPaGKYTKft0JlJmJkoJfZT3LhQxK1f4s6/cdpmoa0HLhzOuZd774kSRpV23W+rsLS8srpWXC9tbG5t79jl3aaKU4lJA8cslu0IKcKoIA1NNSPtRBLEI0Za0fBq4rceiFQ0Fnd6lJCAo76gPYqRNlJol6/vfaWRvKg6p/4x5KEX2hXXcaeAi8TLSQXkqIf2l9+NccqJ0JghpTqem+ggQ1JTzMi45KeKJAgPUZ90DBWIExVk09PH8NAoXdiLpSmh4VT9PZEhrtSIR6aTIz1Q895E/M/rpLp3HmRUJKkmAs8W9VIGdQwnOcAulQRrNjIEYUnNrRAPkERYm7RKJgRv/uVF0qw6nut4tyeV2mUeRxHsgwNwBDxwBmrgBtRBA2DwCJ7BK3iznqwX6936mLUWrHxmD/yB9fkDA3WShg==</latexit><latexit sha1_base64="g/Q3g1lhnw2UYXmdEamBFICGrHE=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkJSRN0IRRFcVrAPaGKYTKft0JlJmJkoJfZT3LhQxK1f4s6/cdpmoa0HLhzOuZd774kSRpV23W+rsLS8srpWXC9tbG5t79jl3aaKU4lJA8cslu0IKcKoIA1NNSPtRBLEI0Za0fBq4rceiFQ0Fnd6lJCAo76gPYqRNlJol6/vfaWRvKg6p/4x5KEX2hXXcaeAi8TLSQXkqIf2l9+NccqJ0JghpTqem+ggQ1JTzMi45KeKJAgPUZ90DBWIExVk09PH8NAoXdiLpSmh4VT9PZEhrtSIR6aTIz1Q895E/M/rpLp3HmRUJKkmAs8W9VIGdQwnOcAulQRrNjIEYUnNrRAPkERYm7RKJgRv/uVF0qw6nut4tyeV2mUeRxHsgwNwBDxwBmrgBtRBA2DwCJ7BK3iznqwX6936mLUWrHxmD/yB9fkDA3WShg==</latexit><latexit sha1_base64="g/Q3g1lhnw2UYXmdEamBFICGrHE=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkJSRN0IRRFcVrAPaGKYTKft0JlJmJkoJfZT3LhQxK1f4s6/cdpmoa0HLhzOuZd774kSRpV23W+rsLS8srpWXC9tbG5t79jl3aaKU4lJA8cslu0IKcKoIA1NNSPtRBLEI0Za0fBq4rceiFQ0Fnd6lJCAo76gPYqRNlJol6/vfaWRvKg6p/4x5KEX2hXXcaeAi8TLSQXkqIf2l9+NccqJ0JghpTqem+ggQ1JTzMi45KeKJAgPUZ90DBWIExVk09PH8NAoXdiLpSmh4VT9PZEhrtSIR6aTIz1Q895E/M/rpLp3HmRUJKkmAs8W9VIGdQwnOcAulQRrNjIEYUnNrRAPkERYm7RKJgRv/uVF0qw6nut4tyeV2mUeRxHsgwNwBDxwBmrgBtRBA2DwCJ7BK3iznqwX6936mLUWrHxmD/yB9fkDA3WShg==</latexit>

E? = 3.2m1
<latexit sha1_base64="lWjwjkN7YNEdt7wr5Grgzve1k4U=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkJSBd0IRRFcVrAPaGKYTKft0JlJmJkoJfZT3LhQxK1f4s6/cdpmoa0HLhzOuZd774kSRpV23W+rsLS8srpWXC9tbG5t79jl3aaKU4lJA8cslu0IKcKoIA1NNSPtRBLEI0Za0fBq4rceiFQ0Fnd6lJCAo76gPYqRNlJol6/vfaWRvDhxqv4x5KEX2hXXcaeAi8TLSQXkqIf2l9+NccqJ0JghpTqem+ggQ1JTzMi45KeKJAgPUZ90DBWIExVk09PH8NAoXdiLpSmh4VT9PZEhrtSIR6aTIz1Q895E/M/rpLp3HmRUJKkmAs8W9VIGdQwnOcAulQRrNjIEYUnNrRAPkERYm7RKJgRv/uVF0qw6nut4t6eV2mUeRxHsgwNwBDxwBmrgBtRBA2DwCJ7BK3iznqwX6936mLUWrHxmD/yB9fkD/sqSgw==</latexit><latexit sha1_base64="lWjwjkN7YNEdt7wr5Grgzve1k4U=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkJSBd0IRRFcVrAPaGKYTKft0JlJmJkoJfZT3LhQxK1f4s6/cdpmoa0HLhzOuZd774kSRpV23W+rsLS8srpWXC9tbG5t79jl3aaKU4lJA8cslu0IKcKoIA1NNSPtRBLEI0Za0fBq4rceiFQ0Fnd6lJCAo76gPYqRNlJol6/vfaWRvDhxqv4x5KEX2hXXcaeAi8TLSQXkqIf2l9+NccqJ0JghpTqem+ggQ1JTzMi45KeKJAgPUZ90DBWIExVk09PH8NAoXdiLpSmh4VT9PZEhrtSIR6aTIz1Q895E/M/rpLp3HmRUJKkmAs8W9VIGdQwnOcAulQRrNjIEYUnNrRAPkERYm7RKJgRv/uVF0qw6nut4t6eV2mUeRxHsgwNwBDxwBmrgBtRBA2DwCJ7BK3iznqwX6936mLUWrHxmD/yB9fkD/sqSgw==</latexit><latexit sha1_base64="lWjwjkN7YNEdt7wr5Grgzve1k4U=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkJSBd0IRRFcVrAPaGKYTKft0JlJmJkoJfZT3LhQxK1f4s6/cdpmoa0HLhzOuZd774kSRpV23W+rsLS8srpWXC9tbG5t79jl3aaKU4lJA8cslu0IKcKoIA1NNSPtRBLEI0Za0fBq4rceiFQ0Fnd6lJCAo76gPYqRNlJol6/vfaWRvDhxqv4x5KEX2hXXcaeAi8TLSQXkqIf2l9+NccqJ0JghpTqem+ggQ1JTzMi45KeKJAgPUZ90DBWIExVk09PH8NAoXdiLpSmh4VT9PZEhrtSIR6aTIz1Q895E/M/rpLp3HmRUJKkmAs8W9VIGdQwnOcAulQRrNjIEYUnNrRAPkERYm7RKJgRv/uVF0qw6nut4t6eV2mUeRxHsgwNwBDxwBmrgBtRBA2DwCJ7BK3iznqwX6936mLUWrHxmD/yB9fkD/sqSgw==</latexit><latexit sha1_base64="lWjwjkN7YNEdt7wr5Grgzve1k4U=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkJSBd0IRRFcVrAPaGKYTKft0JlJmJkoJfZT3LhQxK1f4s6/cdpmoa0HLhzOuZd774kSRpV23W+rsLS8srpWXC9tbG5t79jl3aaKU4lJA8cslu0IKcKoIA1NNSPtRBLEI0Za0fBq4rceiFQ0Fnd6lJCAo76gPYqRNlJol6/vfaWRvDhxqv4x5KEX2hXXcaeAi8TLSQXkqIf2l9+NccqJ0JghpTqem+ggQ1JTzMi45KeKJAgPUZ90DBWIExVk09PH8NAoXdiLpSmh4VT9PZEhrtSIR6aTIz1Q895E/M/rpLp3HmRUJKkmAs8W9VIGdQwnOcAulQRrNjIEYUnNrRAPkERYm7RKJgRv/uVF0qw6nut4t6eV2mUeRxHsgwNwBDxwBmrgBtRBA2DwCJ7BK3iznqwX6936mLUWrHxmD/yB9fkD/sqSgw==</latexit>

Q2 = �2.4m2
1

<latexit sha1_base64="EZQX5egnwCre74tRNPuTCtHnVPg=">AAAB+HicbVDLSsNAFJ34rPXRqEs3g0VwoSEJBd0IRTcuW7APaNMwmU7aoTOTMDMRaumXuHGhiFs/xZ1/47TNQlsPXDiccy/33hOljCrtut/W2vrG5tZ2Yae4u7d/ULIPj5oqySQmDZywRLYjpAijgjQ01Yy0U0kQjxhpRaO7md96JFLRRDzocUoCjgaCxhQjbaTQLtV7/s2l71S6Fzz0en5ol13HnQOuEi8nZZCjFtpf3X6CM06Exgwp1fHcVAcTJDXFjEyL3UyRFOERGpCOoQJxooLJ/PApPDNKH8aJNCU0nKu/JyaIKzXmkenkSA/VsjcT//M6mY6vgwkVaaaJwItFccagTuAsBdinkmDNxoYgLKm5FeIhkghrk1XRhOAtv7xKmr7juY5Xr5Srt3kcBXACTsE58MAVqIJ7UAMNgEEGnsEreLOerBfr3fpYtK5Z+cwx+APr8wfGpJE1</latexit><latexit sha1_base64="EZQX5egnwCre74tRNPuTCtHnVPg=">AAAB+HicbVDLSsNAFJ34rPXRqEs3g0VwoSEJBd0IRTcuW7APaNMwmU7aoTOTMDMRaumXuHGhiFs/xZ1/47TNQlsPXDiccy/33hOljCrtut/W2vrG5tZ2Yae4u7d/ULIPj5oqySQmDZywRLYjpAijgjQ01Yy0U0kQjxhpRaO7md96JFLRRDzocUoCjgaCxhQjbaTQLtV7/s2l71S6Fzz0en5ol13HnQOuEi8nZZCjFtpf3X6CM06Exgwp1fHcVAcTJDXFjEyL3UyRFOERGpCOoQJxooLJ/PApPDNKH8aJNCU0nKu/JyaIKzXmkenkSA/VsjcT//M6mY6vgwkVaaaJwItFccagTuAsBdinkmDNxoYgLKm5FeIhkghrk1XRhOAtv7xKmr7juY5Xr5Srt3kcBXACTsE58MAVqIJ7UAMNgEEGnsEreLOerBfr3fpYtK5Z+cwx+APr8wfGpJE1</latexit><latexit sha1_base64="EZQX5egnwCre74tRNPuTCtHnVPg=">AAAB+HicbVDLSsNAFJ34rPXRqEs3g0VwoSEJBd0IRTcuW7APaNMwmU7aoTOTMDMRaumXuHGhiFs/xZ1/47TNQlsPXDiccy/33hOljCrtut/W2vrG5tZ2Yae4u7d/ULIPj5oqySQmDZywRLYjpAijgjQ01Yy0U0kQjxhpRaO7md96JFLRRDzocUoCjgaCxhQjbaTQLtV7/s2l71S6Fzz0en5ol13HnQOuEi8nZZCjFtpf3X6CM06Exgwp1fHcVAcTJDXFjEyL3UyRFOERGpCOoQJxooLJ/PApPDNKH8aJNCU0nKu/JyaIKzXmkenkSA/VsjcT//M6mY6vgwkVaaaJwItFccagTuAsBdinkmDNxoYgLKm5FeIhkghrk1XRhOAtv7xKmr7juY5Xr5Srt3kcBXACTsE58MAVqIJ7UAMNgEEGnsEreLOerBfr3fpYtK5Z+cwx+APr8wfGpJE1</latexit><latexit sha1_base64="EZQX5egnwCre74tRNPuTCtHnVPg=">AAAB+HicbVDLSsNAFJ34rPXRqEs3g0VwoSEJBd0IRTcuW7APaNMwmU7aoTOTMDMRaumXuHGhiFs/xZ1/47TNQlsPXDiccy/33hOljCrtut/W2vrG5tZ2Yae4u7d/ULIPj5oqySQmDZywRLYjpAijgjQ01Yy0U0kQjxhpRaO7md96JFLRRDzocUoCjgaCxhQjbaTQLtV7/s2l71S6Fzz0en5ol13HnQOuEi8nZZCjFtpf3X6CM06Exgwp1fHcVAcTJDXFjEyL3UyRFOERGpCOoQJxooLJ/PApPDNKH8aJNCU0nKu/JyaIKzXmkenkSA/VsjcT//M6mY6vgwkVaaaJwItFccagTuAsBdinkmDNxoYgLKm5FeIhkghrk1XRhOAtv7xKmr7juY5Xr5Srt3kcBXACTsE58MAVqIJ7UAMNgEEGnsEreLOerBfr3fpYtK5Z+cwx+APr8wfGpJE1</latexit>

Q2 = 2.4m2
1

<latexit sha1_base64="CiyGTFSkUhLezbEirdnCdK8RfMs=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4kJCEgl6EohePLdgPaNOy2W7apbtJ2N0oJfR/ePGgiFf/izf/jds2B219MPB4b4aZeUHCmdKO822trW9sbm0Xdoq7e/sHh6Wj46aKU0log8Q8lu0AK8pZRBuaaU7biaRYBJy2gvHdzG89UqlYHD3oSUJ9gYcRCxnB2ki9es+78exK91L03Z7XL5Ud25kDrRI3J2XIUeuXvrqDmKSCRppwrFTHdRLtZ1hqRjidFrupogkmYzykHUMjLKjys/nVU3RulAEKY2kq0miu/p7IsFBqIgLTKbAeqWVvJv7ndVIdXvsZi5JU04gsFoUpRzpGswjQgElKNJ8Ygolk5lZERlhiok1QRROCu/zyKml6tuvYbr1Srt7mcRTgFM7gAly4gircQw0aQEDCM7zCm/VkvVjv1seidc3KZ07gD6zPH+LOkM0=</latexit><latexit sha1_base64="CiyGTFSkUhLezbEirdnCdK8RfMs=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4kJCEgl6EohePLdgPaNOy2W7apbtJ2N0oJfR/ePGgiFf/izf/jds2B219MPB4b4aZeUHCmdKO822trW9sbm0Xdoq7e/sHh6Wj46aKU0log8Q8lu0AK8pZRBuaaU7biaRYBJy2gvHdzG89UqlYHD3oSUJ9gYcRCxnB2ki9es+78exK91L03Z7XL5Ud25kDrRI3J2XIUeuXvrqDmKSCRppwrFTHdRLtZ1hqRjidFrupogkmYzykHUMjLKjys/nVU3RulAEKY2kq0miu/p7IsFBqIgLTKbAeqWVvJv7ndVIdXvsZi5JU04gsFoUpRzpGswjQgElKNJ8Ygolk5lZERlhiok1QRROCu/zyKml6tuvYbr1Srt7mcRTgFM7gAly4gircQw0aQEDCM7zCm/VkvVjv1seidc3KZ07gD6zPH+LOkM0=</latexit><latexit sha1_base64="CiyGTFSkUhLezbEirdnCdK8RfMs=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4kJCEgl6EohePLdgPaNOy2W7apbtJ2N0oJfR/ePGgiFf/izf/jds2B219MPB4b4aZeUHCmdKO822trW9sbm0Xdoq7e/sHh6Wj46aKU0log8Q8lu0AK8pZRBuaaU7biaRYBJy2gvHdzG89UqlYHD3oSUJ9gYcRCxnB2ki9es+78exK91L03Z7XL5Ud25kDrRI3J2XIUeuXvrqDmKSCRppwrFTHdRLtZ1hqRjidFrupogkmYzykHUMjLKjys/nVU3RulAEKY2kq0miu/p7IsFBqIgLTKbAeqWVvJv7ndVIdXvsZi5JU04gsFoUpRzpGswjQgElKNJ8Ygolk5lZERlhiok1QRROCu/zyKml6tuvYbr1Srt7mcRTgFM7gAly4gircQw0aQEDCM7zCm/VkvVjv1seidc3KZ07gD6zPH+LOkM0=</latexit><latexit sha1_base64="CiyGTFSkUhLezbEirdnCdK8RfMs=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4kJCEgl6EohePLdgPaNOy2W7apbtJ2N0oJfR/ePGgiFf/izf/jds2B219MPB4b4aZeUHCmdKO822trW9sbm0Xdoq7e/sHh6Wj46aKU0log8Q8lu0AK8pZRBuaaU7biaRYBJy2gvHdzG89UqlYHD3oSUJ9gYcRCxnB2ki9es+78exK91L03Z7XL5Ud25kDrRI3J2XIUeuXvrqDmKSCRppwrFTHdRLtZ1hqRjidFrupogkmYzykHUMjLKjys/nVU3RulAEKY2kq0miu/p7IsFBqIgLTKbAeqWVvJv7ndVIdXvsZi5JU04gsFoUpRzpGswjQgElKNJ8Ygolk5lZERlhiok1QRROCu/zyKml6tuvYbr1Srt7mcRTgFM7gAly4gircQw0aQEDCM7zCm/VkvVjv1seidc3KZ07gD6zPH+LOkM0=</latexit>

E? = 2.6m1
<latexit sha1_base64="g/Q3g1lhnw2UYXmdEamBFICGrHE=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkJSRN0IRRFcVrAPaGKYTKft0JlJmJkoJfZT3LhQxK1f4s6/cdpmoa0HLhzOuZd774kSRpV23W+rsLS8srpWXC9tbG5t79jl3aaKU4lJA8cslu0IKcKoIA1NNSPtRBLEI0Za0fBq4rceiFQ0Fnd6lJCAo76gPYqRNlJol6/vfaWRvKg6p/4x5KEX2hXXcaeAi8TLSQXkqIf2l9+NccqJ0JghpTqem+ggQ1JTzMi45KeKJAgPUZ90DBWIExVk09PH8NAoXdiLpSmh4VT9PZEhrtSIR6aTIz1Q895E/M/rpLp3HmRUJKkmAs8W9VIGdQwnOcAulQRrNjIEYUnNrRAPkERYm7RKJgRv/uVF0qw6nut4tyeV2mUeRxHsgwNwBDxwBmrgBtRBA2DwCJ7BK3iznqwX6936mLUWrHxmD/yB9fkDA3WShg==</latexit><latexit sha1_base64="g/Q3g1lhnw2UYXmdEamBFICGrHE=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkJSRN0IRRFcVrAPaGKYTKft0JlJmJkoJfZT3LhQxK1f4s6/cdpmoa0HLhzOuZd774kSRpV23W+rsLS8srpWXC9tbG5t79jl3aaKU4lJA8cslu0IKcKoIA1NNSPtRBLEI0Za0fBq4rceiFQ0Fnd6lJCAo76gPYqRNlJol6/vfaWRvKg6p/4x5KEX2hXXcaeAi8TLSQXkqIf2l9+NccqJ0JghpTqem+ggQ1JTzMi45KeKJAgPUZ90DBWIExVk09PH8NAoXdiLpSmh4VT9PZEhrtSIR6aTIz1Q895E/M/rpLp3HmRUJKkmAs8W9VIGdQwnOcAulQRrNjIEYUnNrRAPkERYm7RKJgRv/uVF0qw6nut4tyeV2mUeRxHsgwNwBDxwBmrgBtRBA2DwCJ7BK3iznqwX6936mLUWrHxmD/yB9fkDA3WShg==</latexit><latexit sha1_base64="g/Q3g1lhnw2UYXmdEamBFICGrHE=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkJSRN0IRRFcVrAPaGKYTKft0JlJmJkoJfZT3LhQxK1f4s6/cdpmoa0HLhzOuZd774kSRpV23W+rsLS8srpWXC9tbG5t79jl3aaKU4lJA8cslu0IKcKoIA1NNSPtRBLEI0Za0fBq4rceiFQ0Fnd6lJCAo76gPYqRNlJol6/vfaWRvKg6p/4x5KEX2hXXcaeAi8TLSQXkqIf2l9+NccqJ0JghpTqem+ggQ1JTzMi45KeKJAgPUZ90DBWIExVk09PH8NAoXdiLpSmh4VT9PZEhrtSIR6aTIz1Q895E/M/rpLp3HmRUJKkmAs8W9VIGdQwnOcAulQRrNjIEYUnNrRAPkERYm7RKJgRv/uVF0qw6nut4tyeV2mUeRxHsgwNwBDxwBmrgBtRBA2DwCJ7BK3iznqwX6936mLUWrHxmD/yB9fkDA3WShg==</latexit><latexit sha1_base64="g/Q3g1lhnw2UYXmdEamBFICGrHE=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkJSRN0IRRFcVrAPaGKYTKft0JlJmJkoJfZT3LhQxK1f4s6/cdpmoa0HLhzOuZd774kSRpV23W+rsLS8srpWXC9tbG5t79jl3aaKU4lJA8cslu0IKcKoIA1NNSPtRBLEI0Za0fBq4rceiFQ0Fnd6lJCAo76gPYqRNlJol6/vfaWRvKg6p/4x5KEX2hXXcaeAi8TLSQXkqIf2l9+NccqJ0JghpTqem+ggQ1JTzMi45KeKJAgPUZ90DBWIExVk09PH8NAoXdiLpSmh4VT9PZEhrtSIR6aTIz1Q895E/M/rpLp3HmRUJKkmAs8W9VIGdQwnOcAulQRrNjIEYUnNrRAPkERYm7RKJgRv/uVF0qw6nut4tyeV2mUeRxHsgwNwBDxwBmrgBtRBA2DwCJ7BK3iznqwX6936mLUWrHxmD/yB9fkDA3WShg==</latexit>

E? = 3.2m1
<latexit sha1_base64="lWjwjkN7YNEdt7wr5Grgzve1k4U=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkJSBd0IRRFcVrAPaGKYTKft0JlJmJkoJfZT3LhQxK1f4s6/cdpmoa0HLhzOuZd774kSRpV23W+rsLS8srpWXC9tbG5t79jl3aaKU4lJA8cslu0IKcKoIA1NNSPtRBLEI0Za0fBq4rceiFQ0Fnd6lJCAo76gPYqRNlJol6/vfaWRvDhxqv4x5KEX2hXXcaeAi8TLSQXkqIf2l9+NccqJ0JghpTqem+ggQ1JTzMi45KeKJAgPUZ90DBWIExVk09PH8NAoXdiLpSmh4VT9PZEhrtSIR6aTIz1Q895E/M/rpLp3HmRUJKkmAs8W9VIGdQwnOcAulQRrNjIEYUnNrRAPkERYm7RKJgRv/uVF0qw6nut4t6eV2mUeRxHsgwNwBDxwBmrgBtRBA2DwCJ7BK3iznqwX6936mLUWrHxmD/yB9fkD/sqSgw==</latexit><latexit sha1_base64="lWjwjkN7YNEdt7wr5Grgzve1k4U=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkJSBd0IRRFcVrAPaGKYTKft0JlJmJkoJfZT3LhQxK1f4s6/cdpmoa0HLhzOuZd774kSRpV23W+rsLS8srpWXC9tbG5t79jl3aaKU4lJA8cslu0IKcKoIA1NNSPtRBLEI0Za0fBq4rceiFQ0Fnd6lJCAo76gPYqRNlJol6/vfaWRvDhxqv4x5KEX2hXXcaeAi8TLSQXkqIf2l9+NccqJ0JghpTqem+ggQ1JTzMi45KeKJAgPUZ90DBWIExVk09PH8NAoXdiLpSmh4VT9PZEhrtSIR6aTIz1Q895E/M/rpLp3HmRUJKkmAs8W9VIGdQwnOcAulQRrNjIEYUnNrRAPkERYm7RKJgRv/uVF0qw6nut4t6eV2mUeRxHsgwNwBDxwBmrgBtRBA2DwCJ7BK3iznqwX6936mLUWrHxmD/yB9fkD/sqSgw==</latexit><latexit sha1_base64="lWjwjkN7YNEdt7wr5Grgzve1k4U=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkJSBd0IRRFcVrAPaGKYTKft0JlJmJkoJfZT3LhQxK1f4s6/cdpmoa0HLhzOuZd774kSRpV23W+rsLS8srpWXC9tbG5t79jl3aaKU4lJA8cslu0IKcKoIA1NNSPtRBLEI0Za0fBq4rceiFQ0Fnd6lJCAo76gPYqRNlJol6/vfaWRvDhxqv4x5KEX2hXXcaeAi8TLSQXkqIf2l9+NccqJ0JghpTqem+ggQ1JTzMi45KeKJAgPUZ90DBWIExVk09PH8NAoXdiLpSmh4VT9PZEhrtSIR6aTIz1Q895E/M/rpLp3HmRUJKkmAs8W9VIGdQwnOcAulQRrNjIEYUnNrRAPkERYm7RKJgRv/uVF0qw6nut4t6eV2mUeRxHsgwNwBDxwBmrgBtRBA2DwCJ7BK3iznqwX6936mLUWrHxmD/yB9fkD/sqSgw==</latexit><latexit sha1_base64="lWjwjkN7YNEdt7wr5Grgzve1k4U=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkJSBd0IRRFcVrAPaGKYTKft0JlJmJkoJfZT3LhQxK1f4s6/cdpmoa0HLhzOuZd774kSRpV23W+rsLS8srpWXC9tbG5t79jl3aaKU4lJA8cslu0IKcKoIA1NNSPtRBLEI0Za0fBq4rceiFQ0Fnd6lJCAo76gPYqRNlJol6/vfaWRvDhxqv4x5KEX2hXXcaeAi8TLSQXkqIf2l9+NccqJ0JghpTqem+ggQ1JTzMi45KeKJAgPUZ90DBWIExVk09PH8NAoXdiLpSmh4VT9PZEhrtSIR6aTIz1Q895E/M/rpLp3HmRUJKkmAs8W9VIGdQwnOcAulQRrNjIEYUnNrRAPkERYm7RKJgRv/uVF0qw6nut4t6eV2mUeRxHsgwNwBDxwBmrgBtRBA2DwCJ7BK3iznqwX6936mLUWrHxmD/yB9fkD/sqSgw==</latexit>
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What Is A Form Factor Of A Resonance?

❖ peak position? 
❖ fit a Breit-Wigner??

1. analytically continue  to pole 
2. decompose as 
 
 

3. coupling at pole at different 
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E? = 2.6m1
<latexit sha1_base64="g/Q3g1lhnw2UYXmdEamBFICGrHE=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkJSRN0IRRFcVrAPaGKYTKft0JlJmJkoJfZT3LhQxK1f4s6/cdpmoa0HLhzOuZd774kSRpV23W+rsLS8srpWXC9tbG5t79jl3aaKU4lJA8cslu0IKcKoIA1NNSPtRBLEI0Za0fBq4rceiFQ0Fnd6lJCAo76gPYqRNlJol6/vfaWRvKg6p/4x5KEX2hXXcaeAi8TLSQXkqIf2l9+NccqJ0JghpTqem+ggQ1JTzMi45KeKJAgPUZ90DBWIExVk09PH8NAoXdiLpSmh4VT9PZEhrtSIR6aTIz1Q895E/M/rpLp3HmRUJKkmAs8W9VIGdQwnOcAulQRrNjIEYUnNrRAPkERYm7RKJgRv/uVF0qw6nut4tyeV2mUeRxHsgwNwBDxwBmrgBtRBA2DwCJ7BK3iznqwX6936mLUWrHxmD/yB9fkDA3WShg==</latexit><latexit sha1_base64="g/Q3g1lhnw2UYXmdEamBFICGrHE=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkJSRN0IRRFcVrAPaGKYTKft0JlJmJkoJfZT3LhQxK1f4s6/cdpmoa0HLhzOuZd774kSRpV23W+rsLS8srpWXC9tbG5t79jl3aaKU4lJA8cslu0IKcKoIA1NNSPtRBLEI0Za0fBq4rceiFQ0Fnd6lJCAo76gPYqRNlJol6/vfaWRvKg6p/4x5KEX2hXXcaeAi8TLSQXkqIf2l9+NccqJ0JghpTqem+ggQ1JTzMi45KeKJAgPUZ90DBWIExVk09PH8NAoXdiLpSmh4VT9PZEhrtSIR6aTIz1Q895E/M/rpLp3HmRUJKkmAs8W9VIGdQwnOcAulQRrNjIEYUnNrRAPkERYm7RKJgRv/uVF0qw6nut4tyeV2mUeRxHsgwNwBDxwBmrgBtRBA2DwCJ7BK3iznqwX6936mLUWrHxmD/yB9fkDA3WShg==</latexit><latexit sha1_base64="g/Q3g1lhnw2UYXmdEamBFICGrHE=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkJSRN0IRRFcVrAPaGKYTKft0JlJmJkoJfZT3LhQxK1f4s6/cdpmoa0HLhzOuZd774kSRpV23W+rsLS8srpWXC9tbG5t79jl3aaKU4lJA8cslu0IKcKoIA1NNSPtRBLEI0Za0fBq4rceiFQ0Fnd6lJCAo76gPYqRNlJol6/vfaWRvKg6p/4x5KEX2hXXcaeAi8TLSQXkqIf2l9+NccqJ0JghpTqem+ggQ1JTzMi45KeKJAgPUZ90DBWIExVk09PH8NAoXdiLpSmh4VT9PZEhrtSIR6aTIz1Q895E/M/rpLp3HmRUJKkmAs8W9VIGdQwnOcAulQRrNjIEYUnNrRAPkERYm7RKJgRv/uVF0qw6nut4tyeV2mUeRxHsgwNwBDxwBmrgBtRBA2DwCJ7BK3iznqwX6936mLUWrHxmD/yB9fkDA3WShg==</latexit><latexit sha1_base64="g/Q3g1lhnw2UYXmdEamBFICGrHE=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkJSRN0IRRFcVrAPaGKYTKft0JlJmJkoJfZT3LhQxK1f4s6/cdpmoa0HLhzOuZd774kSRpV23W+rsLS8srpWXC9tbG5t79jl3aaKU4lJA8cslu0IKcKoIA1NNSPtRBLEI0Za0fBq4rceiFQ0Fnd6lJCAo76gPYqRNlJol6/vfaWRvKg6p/4x5KEX2hXXcaeAi8TLSQXkqIf2l9+NccqJ0JghpTqem+ggQ1JTzMi45KeKJAgPUZ90DBWIExVk09PH8NAoXdiLpSmh4VT9PZEhrtSIR6aTIz1Q895E/M/rpLp3HmRUJKkmAs8W9VIGdQwnOcAulQRrNjIEYUnNrRAPkERYm7RKJgRv/uVF0qw6nut4tyeV2mUeRxHsgwNwBDxwBmrgBtRBA2DwCJ7BK3iznqwX6936mLUWrHxmD/yB9fkDA3WShg==</latexit>

E? = 3.2m1
<latexit sha1_base64="lWjwjkN7YNEdt7wr5Grgzve1k4U=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkJSBd0IRRFcVrAPaGKYTKft0JlJmJkoJfZT3LhQxK1f4s6/cdpmoa0HLhzOuZd774kSRpV23W+rsLS8srpWXC9tbG5t79jl3aaKU4lJA8cslu0IKcKoIA1NNSPtRBLEI0Za0fBq4rceiFQ0Fnd6lJCAo76gPYqRNlJol6/vfaWRvDhxqv4x5KEX2hXXcaeAi8TLSQXkqIf2l9+NccqJ0JghpTqem+ggQ1JTzMi45KeKJAgPUZ90DBWIExVk09PH8NAoXdiLpSmh4VT9PZEhrtSIR6aTIz1Q895E/M/rpLp3HmRUJKkmAs8W9VIGdQwnOcAulQRrNjIEYUnNrRAPkERYm7RKJgRv/uVF0qw6nut4t6eV2mUeRxHsgwNwBDxwBmrgBtRBA2DwCJ7BK3iznqwX6936mLUWrHxmD/yB9fkD/sqSgw==</latexit><latexit sha1_base64="lWjwjkN7YNEdt7wr5Grgzve1k4U=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkJSBd0IRRFcVrAPaGKYTKft0JlJmJkoJfZT3LhQxK1f4s6/cdpmoa0HLhzOuZd774kSRpV23W+rsLS8srpWXC9tbG5t79jl3aaKU4lJA8cslu0IKcKoIA1NNSPtRBLEI0Za0fBq4rceiFQ0Fnd6lJCAo76gPYqRNlJol6/vfaWRvDhxqv4x5KEX2hXXcaeAi8TLSQXkqIf2l9+NccqJ0JghpTqem+ggQ1JTzMi45KeKJAgPUZ90DBWIExVk09PH8NAoXdiLpSmh4VT9PZEhrtSIR6aTIz1Q895E/M/rpLp3HmRUJKkmAs8W9VIGdQwnOcAulQRrNjIEYUnNrRAPkERYm7RKJgRv/uVF0qw6nut4t6eV2mUeRxHsgwNwBDxwBmrgBtRBA2DwCJ7BK3iznqwX6936mLUWrHxmD/yB9fkD/sqSgw==</latexit><latexit sha1_base64="lWjwjkN7YNEdt7wr5Grgzve1k4U=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkJSBd0IRRFcVrAPaGKYTKft0JlJmJkoJfZT3LhQxK1f4s6/cdpmoa0HLhzOuZd774kSRpV23W+rsLS8srpWXC9tbG5t79jl3aaKU4lJA8cslu0IKcKoIA1NNSPtRBLEI0Za0fBq4rceiFQ0Fnd6lJCAo76gPYqRNlJol6/vfaWRvDhxqv4x5KEX2hXXcaeAi8TLSQXkqIf2l9+NccqJ0JghpTqem+ggQ1JTzMi45KeKJAgPUZ90DBWIExVk09PH8NAoXdiLpSmh4VT9PZEhrtSIR6aTIz1Q895E/M/rpLp3HmRUJKkmAs8W9VIGdQwnOcAulQRrNjIEYUnNrRAPkERYm7RKJgRv/uVF0qw6nut4t6eV2mUeRxHsgwNwBDxwBmrgBtRBA2DwCJ7BK3iznqwX6936mLUWrHxmD/yB9fkD/sqSgw==</latexit><latexit sha1_base64="lWjwjkN7YNEdt7wr5Grgzve1k4U=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkJSBd0IRRFcVrAPaGKYTKft0JlJmJkoJfZT3LhQxK1f4s6/cdpmoa0HLhzOuZd774kSRpV23W+rsLS8srpWXC9tbG5t79jl3aaKU4lJA8cslu0IKcKoIA1NNSPtRBLEI0Za0fBq4rceiFQ0Fnd6lJCAo76gPYqRNlJol6/vfaWRvDhxqv4x5KEX2hXXcaeAi8TLSQXkqIf2l9+NccqJ0JghpTqem+ggQ1JTzMi45KeKJAgPUZ90DBWIExVk09PH8NAoXdiLpSmh4VT9PZEhrtSIR6aTIz1Q895E/M/rpLp3HmRUJKkmAs8W9VIGdQwnOcAulQRrNjIEYUnNrRAPkERYm7RKJgRv/uVF0qw6nut4t6eV2mUeRxHsgwNwBDxwBmrgBtRBA2DwCJ7BK3iznqwX6936mLUWrHxmD/yB9fkD/sqSgw==</latexit>

Q2 = �2.4m2
1

<latexit sha1_base64="EZQX5egnwCre74tRNPuTCtHnVPg=">AAAB+HicbVDLSsNAFJ34rPXRqEs3g0VwoSEJBd0IRTcuW7APaNMwmU7aoTOTMDMRaumXuHGhiFs/xZ1/47TNQlsPXDiccy/33hOljCrtut/W2vrG5tZ2Yae4u7d/ULIPj5oqySQmDZywRLYjpAijgjQ01Yy0U0kQjxhpRaO7md96JFLRRDzocUoCjgaCxhQjbaTQLtV7/s2l71S6Fzz0en5ol13HnQOuEi8nZZCjFtpf3X6CM06Exgwp1fHcVAcTJDXFjEyL3UyRFOERGpCOoQJxooLJ/PApPDNKH8aJNCU0nKu/JyaIKzXmkenkSA/VsjcT//M6mY6vgwkVaaaJwItFccagTuAsBdinkmDNxoYgLKm5FeIhkghrk1XRhOAtv7xKmr7juY5Xr5Srt3kcBXACTsE58MAVqIJ7UAMNgEEGnsEreLOerBfr3fpYtK5Z+cwx+APr8wfGpJE1</latexit><latexit sha1_base64="EZQX5egnwCre74tRNPuTCtHnVPg=">AAAB+HicbVDLSsNAFJ34rPXRqEs3g0VwoSEJBd0IRTcuW7APaNMwmU7aoTOTMDMRaumXuHGhiFs/xZ1/47TNQlsPXDiccy/33hOljCrtut/W2vrG5tZ2Yae4u7d/ULIPj5oqySQmDZywRLYjpAijgjQ01Yy0U0kQjxhpRaO7md96JFLRRDzocUoCjgaCxhQjbaTQLtV7/s2l71S6Fzz0en5ol13HnQOuEi8nZZCjFtpf3X6CM06Exgwp1fHcVAcTJDXFjEyL3UyRFOERGpCOoQJxooLJ/PApPDNKH8aJNCU0nKu/JyaIKzXmkenkSA/VsjcT//M6mY6vgwkVaaaJwItFccagTuAsBdinkmDNxoYgLKm5FeIhkghrk1XRhOAtv7xKmr7juY5Xr5Srt3kcBXACTsE58MAVqIJ7UAMNgEEGnsEreLOerBfr3fpYtK5Z+cwx+APr8wfGpJE1</latexit><latexit sha1_base64="EZQX5egnwCre74tRNPuTCtHnVPg=">AAAB+HicbVDLSsNAFJ34rPXRqEs3g0VwoSEJBd0IRTcuW7APaNMwmU7aoTOTMDMRaumXuHGhiFs/xZ1/47TNQlsPXDiccy/33hOljCrtut/W2vrG5tZ2Yae4u7d/ULIPj5oqySQmDZywRLYjpAijgjQ01Yy0U0kQjxhpRaO7md96JFLRRDzocUoCjgaCxhQjbaTQLtV7/s2l71S6Fzz0en5ol13HnQOuEi8nZZCjFtpf3X6CM06Exgwp1fHcVAcTJDXFjEyL3UyRFOERGpCOoQJxooLJ/PApPDNKH8aJNCU0nKu/JyaIKzXmkenkSA/VsjcT//M6mY6vgwkVaaaJwItFccagTuAsBdinkmDNxoYgLKm5FeIhkghrk1XRhOAtv7xKmr7juY5Xr5Srt3kcBXACTsE58MAVqIJ7UAMNgEEGnsEreLOerBfr3fpYtK5Z+cwx+APr8wfGpJE1</latexit><latexit sha1_base64="EZQX5egnwCre74tRNPuTCtHnVPg=">AAAB+HicbVDLSsNAFJ34rPXRqEs3g0VwoSEJBd0IRTcuW7APaNMwmU7aoTOTMDMRaumXuHGhiFs/xZ1/47TNQlsPXDiccy/33hOljCrtut/W2vrG5tZ2Yae4u7d/ULIPj5oqySQmDZywRLYjpAijgjQ01Yy0U0kQjxhpRaO7md96JFLRRDzocUoCjgaCxhQjbaTQLtV7/s2l71S6Fzz0en5ol13HnQOuEi8nZZCjFtpf3X6CM06Exgwp1fHcVAcTJDXFjEyL3UyRFOERGpCOoQJxooLJ/PApPDNKH8aJNCU0nKu/JyaIKzXmkenkSA/VsjcT//M6mY6vgwkVaaaJwItFccagTuAsBdinkmDNxoYgLKm5FeIhkghrk1XRhOAtv7xKmr7juY5Xr5Srt3kcBXACTsE58MAVqIJ7UAMNgEEGnsEreLOerBfr3fpYtK5Z+cwx+APr8wfGpJE1</latexit>

Q2 = 2.4m2
1

<latexit sha1_base64="CiyGTFSkUhLezbEirdnCdK8RfMs=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4kJCEgl6EohePLdgPaNOy2W7apbtJ2N0oJfR/ePGgiFf/izf/jds2B219MPB4b4aZeUHCmdKO822trW9sbm0Xdoq7e/sHh6Wj46aKU0log8Q8lu0AK8pZRBuaaU7biaRYBJy2gvHdzG89UqlYHD3oSUJ9gYcRCxnB2ki9es+78exK91L03Z7XL5Ud25kDrRI3J2XIUeuXvrqDmKSCRppwrFTHdRLtZ1hqRjidFrupogkmYzykHUMjLKjys/nVU3RulAEKY2kq0miu/p7IsFBqIgLTKbAeqWVvJv7ndVIdXvsZi5JU04gsFoUpRzpGswjQgElKNJ8Ygolk5lZERlhiok1QRROCu/zyKml6tuvYbr1Srt7mcRTgFM7gAly4gircQw0aQEDCM7zCm/VkvVjv1seidc3KZ07gD6zPH+LOkM0=</latexit><latexit sha1_base64="CiyGTFSkUhLezbEirdnCdK8RfMs=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4kJCEgl6EohePLdgPaNOy2W7apbtJ2N0oJfR/ePGgiFf/izf/jds2B219MPB4b4aZeUHCmdKO822trW9sbm0Xdoq7e/sHh6Wj46aKU0log8Q8lu0AK8pZRBuaaU7biaRYBJy2gvHdzG89UqlYHD3oSUJ9gYcRCxnB2ki9es+78exK91L03Z7XL5Ud25kDrRI3J2XIUeuXvrqDmKSCRppwrFTHdRLtZ1hqRjidFrupogkmYzykHUMjLKjys/nVU3RulAEKY2kq0miu/p7IsFBqIgLTKbAeqWVvJv7ndVIdXvsZi5JU04gsFoUpRzpGswjQgElKNJ8Ygolk5lZERlhiok1QRROCu/zyKml6tuvYbr1Srt7mcRTgFM7gAly4gircQw0aQEDCM7zCm/VkvVjv1seidc3KZ07gD6zPH+LOkM0=</latexit><latexit sha1_base64="CiyGTFSkUhLezbEirdnCdK8RfMs=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4kJCEgl6EohePLdgPaNOy2W7apbtJ2N0oJfR/ePGgiFf/izf/jds2B219MPB4b4aZeUHCmdKO822trW9sbm0Xdoq7e/sHh6Wj46aKU0log8Q8lu0AK8pZRBuaaU7biaRYBJy2gvHdzG89UqlYHD3oSUJ9gYcRCxnB2ki9es+78exK91L03Z7XL5Ud25kDrRI3J2XIUeuXvrqDmKSCRppwrFTHdRLtZ1hqRjidFrupogkmYzykHUMjLKjys/nVU3RulAEKY2kq0miu/p7IsFBqIgLTKbAeqWVvJv7ndVIdXvsZi5JU04gsFoUpRzpGswjQgElKNJ8Ygolk5lZERlhiok1QRROCu/zyKml6tuvYbr1Srt7mcRTgFM7gAly4gircQw0aQEDCM7zCm/VkvVjv1seidc3KZ07gD6zPH+LOkM0=</latexit><latexit sha1_base64="CiyGTFSkUhLezbEirdnCdK8RfMs=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4kJCEgl6EohePLdgPaNOy2W7apbtJ2N0oJfR/ePGgiFf/izf/jds2B219MPB4b4aZeUHCmdKO822trW9sbm0Xdoq7e/sHh6Wj46aKU0log8Q8lu0AK8pZRBuaaU7biaRYBJy2gvHdzG89UqlYHD3oSUJ9gYcRCxnB2ki9es+78exK91L03Z7XL5Ud25kDrRI3J2XIUeuXvrqDmKSCRppwrFTHdRLtZ1hqRjidFrupogkmYzykHUMjLKjys/nVU3RulAEKY2kq0miu/p7IsFBqIgLTKbAeqWVvJv7ndVIdXvsZi5JU04gsFoUpRzpGswjQgElKNJ8Ygolk5lZERlhiok1QRROCu/zyKml6tuvYbr1Srt7mcRTgFM7gAly4gircQw0aQEDCM7zCm/VkvVjv1seidc3KZ07gD6zPH+LOkM0=</latexit>

E? = 2.6m1
<latexit sha1_base64="g/Q3g1lhnw2UYXmdEamBFICGrHE=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkJSRN0IRRFcVrAPaGKYTKft0JlJmJkoJfZT3LhQxK1f4s6/cdpmoa0HLhzOuZd774kSRpV23W+rsLS8srpWXC9tbG5t79jl3aaKU4lJA8cslu0IKcKoIA1NNSPtRBLEI0Za0fBq4rceiFQ0Fnd6lJCAo76gPYqRNlJol6/vfaWRvKg6p/4x5KEX2hXXcaeAi8TLSQXkqIf2l9+NccqJ0JghpTqem+ggQ1JTzMi45KeKJAgPUZ90DBWIExVk09PH8NAoXdiLpSmh4VT9PZEhrtSIR6aTIz1Q895E/M/rpLp3HmRUJKkmAs8W9VIGdQwnOcAulQRrNjIEYUnNrRAPkERYm7RKJgRv/uVF0qw6nut4tyeV2mUeRxHsgwNwBDxwBmrgBtRBA2DwCJ7BK3iznqwX6936mLUWrHxmD/yB9fkDA3WShg==</latexit><latexit sha1_base64="g/Q3g1lhnw2UYXmdEamBFICGrHE=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkJSRN0IRRFcVrAPaGKYTKft0JlJmJkoJfZT3LhQxK1f4s6/cdpmoa0HLhzOuZd774kSRpV23W+rsLS8srpWXC9tbG5t79jl3aaKU4lJA8cslu0IKcKoIA1NNSPtRBLEI0Za0fBq4rceiFQ0Fnd6lJCAo76gPYqRNlJol6/vfaWRvKg6p/4x5KEX2hXXcaeAi8TLSQXkqIf2l9+NccqJ0JghpTqem+ggQ1JTzMi45KeKJAgPUZ90DBWIExVk09PH8NAoXdiLpSmh4VT9PZEhrtSIR6aTIz1Q895E/M/rpLp3HmRUJKkmAs8W9VIGdQwnOcAulQRrNjIEYUnNrRAPkERYm7RKJgRv/uVF0qw6nut4tyeV2mUeRxHsgwNwBDxwBmrgBtRBA2DwCJ7BK3iznqwX6936mLUWrHxmD/yB9fkDA3WShg==</latexit><latexit sha1_base64="g/Q3g1lhnw2UYXmdEamBFICGrHE=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkJSRN0IRRFcVrAPaGKYTKft0JlJmJkoJfZT3LhQxK1f4s6/cdpmoa0HLhzOuZd774kSRpV23W+rsLS8srpWXC9tbG5t79jl3aaKU4lJA8cslu0IKcKoIA1NNSPtRBLEI0Za0fBq4rceiFQ0Fnd6lJCAo76gPYqRNlJol6/vfaWRvKg6p/4x5KEX2hXXcaeAi8TLSQXkqIf2l9+NccqJ0JghpTqem+ggQ1JTzMi45KeKJAgPUZ90DBWIExVk09PH8NAoXdiLpSmh4VT9PZEhrtSIR6aTIz1Q895E/M/rpLp3HmRUJKkmAs8W9VIGdQwnOcAulQRrNjIEYUnNrRAPkERYm7RKJgRv/uVF0qw6nut4tyeV2mUeRxHsgwNwBDxwBmrgBtRBA2DwCJ7BK3iznqwX6936mLUWrHxmD/yB9fkDA3WShg==</latexit><latexit sha1_base64="g/Q3g1lhnw2UYXmdEamBFICGrHE=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkJSRN0IRRFcVrAPaGKYTKft0JlJmJkoJfZT3LhQxK1f4s6/cdpmoa0HLhzOuZd774kSRpV23W+rsLS8srpWXC9tbG5t79jl3aaKU4lJA8cslu0IKcKoIA1NNSPtRBLEI0Za0fBq4rceiFQ0Fnd6lJCAo76gPYqRNlJol6/vfaWRvKg6p/4x5KEX2hXXcaeAi8TLSQXkqIf2l9+NccqJ0JghpTqem+ggQ1JTzMi45KeKJAgPUZ90DBWIExVk09PH8NAoXdiLpSmh4VT9PZEhrtSIR6aTIz1Q895E/M/rpLp3HmRUJKkmAs8W9VIGdQwnOcAulQRrNjIEYUnNrRAPkERYm7RKJgRv/uVF0qw6nut4tyeV2mUeRxHsgwNwBDxwBmrgBtRBA2DwCJ7BK3iznqwX6936mLUWrHxmD/yB9fkDA3WShg==</latexit>

E? = 3.2m1
<latexit sha1_base64="lWjwjkN7YNEdt7wr5Grgzve1k4U=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkJSBd0IRRFcVrAPaGKYTKft0JlJmJkoJfZT3LhQxK1f4s6/cdpmoa0HLhzOuZd774kSRpV23W+rsLS8srpWXC9tbG5t79jl3aaKU4lJA8cslu0IKcKoIA1NNSPtRBLEI0Za0fBq4rceiFQ0Fnd6lJCAo76gPYqRNlJol6/vfaWRvDhxqv4x5KEX2hXXcaeAi8TLSQXkqIf2l9+NccqJ0JghpTqem+ggQ1JTzMi45KeKJAgPUZ90DBWIExVk09PH8NAoXdiLpSmh4VT9PZEhrtSIR6aTIz1Q895E/M/rpLp3HmRUJKkmAs8W9VIGdQwnOcAulQRrNjIEYUnNrRAPkERYm7RKJgRv/uVF0qw6nut4t6eV2mUeRxHsgwNwBDxwBmrgBtRBA2DwCJ7BK3iznqwX6936mLUWrHxmD/yB9fkD/sqSgw==</latexit><latexit sha1_base64="lWjwjkN7YNEdt7wr5Grgzve1k4U=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkJSBd0IRRFcVrAPaGKYTKft0JlJmJkoJfZT3LhQxK1f4s6/cdpmoa0HLhzOuZd774kSRpV23W+rsLS8srpWXC9tbG5t79jl3aaKU4lJA8cslu0IKcKoIA1NNSPtRBLEI0Za0fBq4rceiFQ0Fnd6lJCAo76gPYqRNlJol6/vfaWRvDhxqv4x5KEX2hXXcaeAi8TLSQXkqIf2l9+NccqJ0JghpTqem+ggQ1JTzMi45KeKJAgPUZ90DBWIExVk09PH8NAoXdiLpSmh4VT9PZEhrtSIR6aTIz1Q895E/M/rpLp3HmRUJKkmAs8W9VIGdQwnOcAulQRrNjIEYUnNrRAPkERYm7RKJgRv/uVF0qw6nut4t6eV2mUeRxHsgwNwBDxwBmrgBtRBA2DwCJ7BK3iznqwX6936mLUWrHxmD/yB9fkD/sqSgw==</latexit><latexit sha1_base64="lWjwjkN7YNEdt7wr5Grgzve1k4U=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkJSBd0IRRFcVrAPaGKYTKft0JlJmJkoJfZT3LhQxK1f4s6/cdpmoa0HLhzOuZd774kSRpV23W+rsLS8srpWXC9tbG5t79jl3aaKU4lJA8cslu0IKcKoIA1NNSPtRBLEI0Za0fBq4rceiFQ0Fnd6lJCAo76gPYqRNlJol6/vfaWRvDhxqv4x5KEX2hXXcaeAi8TLSQXkqIf2l9+NccqJ0JghpTqem+ggQ1JTzMi45KeKJAgPUZ90DBWIExVk09PH8NAoXdiLpSmh4VT9PZEhrtSIR6aTIz1Q895E/M/rpLp3HmRUJKkmAs8W9VIGdQwnOcAulQRrNjIEYUnNrRAPkERYm7RKJgRv/uVF0qw6nut4t6eV2mUeRxHsgwNwBDxwBmrgBtRBA2DwCJ7BK3iznqwX6936mLUWrHxmD/yB9fkD/sqSgw==</latexit><latexit sha1_base64="lWjwjkN7YNEdt7wr5Grgzve1k4U=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkJSBd0IRRFcVrAPaGKYTKft0JlJmJkoJfZT3LhQxK1f4s6/cdpmoa0HLhzOuZd774kSRpV23W+rsLS8srpWXC9tbG5t79jl3aaKU4lJA8cslu0IKcKoIA1NNSPtRBLEI0Za0fBq4rceiFQ0Fnd6lJCAo76gPYqRNlJol6/vfaWRvDhxqv4x5KEX2hXXcaeAi8TLSQXkqIf2l9+NccqJ0JghpTqem+ggQ1JTzMi45KeKJAgPUZ90DBWIExVk09PH8NAoXdiLpSmh4VT9PZEhrtSIR6aTIz1Q895E/M/rpLp3HmRUJKkmAs8W9VIGdQwnOcAulQRrNjIEYUnNrRAPkERYm7RKJgRv/uVF0qw6nut4t6eV2mUeRxHsgwNwBDxwBmrgBtRBA2DwCJ7BK3iznqwX6936mLUWrHxmD/yB9fkD/sqSgw==</latexit>
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Q2 = �2.4m2

1
<latexit sha1_base64="EZQX5egnwCre74tRNPuTCtHnVPg=">AAAB+HicbVDLSsNAFJ34rPXRqEs3g0VwoSEJBd0IRTcuW7APaNMwmU7aoTOTMDMRaumXuHGhiFs/xZ1/47TNQlsPXDiccy/33hOljCrtut/W2vrG5tZ2Yae4u7d/ULIPj5oqySQmDZywRLYjpAijgjQ01Yy0U0kQjxhpRaO7md96JFLRRDzocUoCjgaCxhQjbaTQLtV7/s2l71S6Fzz0en5ol13HnQOuEi8nZZCjFtpf3X6CM06Exgwp1fHcVAcTJDXFjEyL3UyRFOERGpCOoQJxooLJ/PApPDNKH8aJNCU0nKu/JyaIKzXmkenkSA/VsjcT//M6mY6vgwkVaaaJwItFccagTuAsBdinkmDNxoYgLKm5FeIhkghrk1XRhOAtv7xKmr7juY5Xr5Srt3kcBXACTsE58MAVqIJ7UAMNgEEGnsEreLOerBfr3fpYtK5Z+cwx+APr8wfGpJE1</latexit><latexit sha1_base64="EZQX5egnwCre74tRNPuTCtHnVPg=">AAAB+HicbVDLSsNAFJ34rPXRqEs3g0VwoSEJBd0IRTcuW7APaNMwmU7aoTOTMDMRaumXuHGhiFs/xZ1/47TNQlsPXDiccy/33hOljCrtut/W2vrG5tZ2Yae4u7d/ULIPj5oqySQmDZywRLYjpAijgjQ01Yy0U0kQjxhpRaO7md96JFLRRDzocUoCjgaCxhQjbaTQLtV7/s2l71S6Fzz0en5ol13HnQOuEi8nZZCjFtpf3X6CM06Exgwp1fHcVAcTJDXFjEyL3UyRFOERGpCOoQJxooLJ/PApPDNKH8aJNCU0nKu/JyaIKzXmkenkSA/VsjcT//M6mY6vgwkVaaaJwItFccagTuAsBdinkmDNxoYgLKm5FeIhkghrk1XRhOAtv7xKmr7juY5Xr5Srt3kcBXACTsE58MAVqIJ7UAMNgEEGnsEreLOerBfr3fpYtK5Z+cwx+APr8wfGpJE1</latexit><latexit sha1_base64="EZQX5egnwCre74tRNPuTCtHnVPg=">AAAB+HicbVDLSsNAFJ34rPXRqEs3g0VwoSEJBd0IRTcuW7APaNMwmU7aoTOTMDMRaumXuHGhiFs/xZ1/47TNQlsPXDiccy/33hOljCrtut/W2vrG5tZ2Yae4u7d/ULIPj5oqySQmDZywRLYjpAijgjQ01Yy0U0kQjxhpRaO7md96JFLRRDzocUoCjgaCxhQjbaTQLtV7/s2l71S6Fzz0en5ol13HnQOuEi8nZZCjFtpf3X6CM06Exgwp1fHcVAcTJDXFjEyL3UyRFOERGpCOoQJxooLJ/PApPDNKH8aJNCU0nKu/JyaIKzXmkenkSA/VsjcT//M6mY6vgwkVaaaJwItFccagTuAsBdinkmDNxoYgLKm5FeIhkghrk1XRhOAtv7xKmr7juY5Xr5Srt3kcBXACTsE58MAVqIJ7UAMNgEEGnsEreLOerBfr3fpYtK5Z+cwx+APr8wfGpJE1</latexit><latexit sha1_base64="EZQX5egnwCre74tRNPuTCtHnVPg=">AAAB+HicbVDLSsNAFJ34rPXRqEs3g0VwoSEJBd0IRTcuW7APaNMwmU7aoTOTMDMRaumXuHGhiFs/xZ1/47TNQlsPXDiccy/33hOljCrtut/W2vrG5tZ2Yae4u7d/ULIPj5oqySQmDZywRLYjpAijgjQ01Yy0U0kQjxhpRaO7md96JFLRRDzocUoCjgaCxhQjbaTQLtV7/s2l71S6Fzz0en5ol13HnQOuEi8nZZCjFtpf3X6CM06Exgwp1fHcVAcTJDXFjEyL3UyRFOERGpCOoQJxooLJ/PApPDNKH8aJNCU0nKu/JyaIKzXmkenkSA/VsjcT//M6mY6vgwkVaaaJwItFccagTuAsBdinkmDNxoYgLKm5FeIhkghrk1XRhOAtv7xKmr7juY5Xr5Srt3kcBXACTsE58MAVqIJ7UAMNgEEGnsEreLOerBfr3fpYtK5Z+cwx+APr8wfGpJE1</latexit>

Q2 = 2.4m2
1

<latexit sha1_base64="CiyGTFSkUhLezbEirdnCdK8RfMs=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4kJCEgl6EohePLdgPaNOy2W7apbtJ2N0oJfR/ePGgiFf/izf/jds2B219MPB4b4aZeUHCmdKO822trW9sbm0Xdoq7e/sHh6Wj46aKU0log8Q8lu0AK8pZRBuaaU7biaRYBJy2gvHdzG89UqlYHD3oSUJ9gYcRCxnB2ki9es+78exK91L03Z7XL5Ud25kDrRI3J2XIUeuXvrqDmKSCRppwrFTHdRLtZ1hqRjidFrupogkmYzykHUMjLKjys/nVU3RulAEKY2kq0miu/p7IsFBqIgLTKbAeqWVvJv7ndVIdXvsZi5JU04gsFoUpRzpGswjQgElKNJ8Ygolk5lZERlhiok1QRROCu/zyKml6tuvYbr1Srt7mcRTgFM7gAly4gircQw0aQEDCM7zCm/VkvVjv1seidc3KZ07gD6zPH+LOkM0=</latexit><latexit sha1_base64="CiyGTFSkUhLezbEirdnCdK8RfMs=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4kJCEgl6EohePLdgPaNOy2W7apbtJ2N0oJfR/ePGgiFf/izf/jds2B219MPB4b4aZeUHCmdKO822trW9sbm0Xdoq7e/sHh6Wj46aKU0log8Q8lu0AK8pZRBuaaU7biaRYBJy2gvHdzG89UqlYHD3oSUJ9gYcRCxnB2ki9es+78exK91L03Z7XL5Ud25kDrRI3J2XIUeuXvrqDmKSCRppwrFTHdRLtZ1hqRjidFrupogkmYzykHUMjLKjys/nVU3RulAEKY2kq0miu/p7IsFBqIgLTKbAeqWVvJv7ndVIdXvsZi5JU04gsFoUpRzpGswjQgElKNJ8Ygolk5lZERlhiok1QRROCu/zyKml6tuvYbr1Srt7mcRTgFM7gAly4gircQw0aQEDCM7zCm/VkvVjv1seidc3KZ07gD6zPH+LOkM0=</latexit><latexit sha1_base64="CiyGTFSkUhLezbEirdnCdK8RfMs=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4kJCEgl6EohePLdgPaNOy2W7apbtJ2N0oJfR/ePGgiFf/izf/jds2B219MPB4b4aZeUHCmdKO822trW9sbm0Xdoq7e/sHh6Wj46aKU0log8Q8lu0AK8pZRBuaaU7biaRYBJy2gvHdzG89UqlYHD3oSUJ9gYcRCxnB2ki9es+78exK91L03Z7XL5Ud25kDrRI3J2XIUeuXvrqDmKSCRppwrFTHdRLtZ1hqRjidFrupogkmYzykHUMjLKjys/nVU3RulAEKY2kq0miu/p7IsFBqIgLTKbAeqWVvJv7ndVIdXvsZi5JU04gsFoUpRzpGswjQgElKNJ8Ygolk5lZERlhiok1QRROCu/zyKml6tuvYbr1Srt7mcRTgFM7gAly4gircQw0aQEDCM7zCm/VkvVjv1seidc3KZ07gD6zPH+LOkM0=</latexit><latexit sha1_base64="CiyGTFSkUhLezbEirdnCdK8RfMs=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4kJCEgl6EohePLdgPaNOy2W7apbtJ2N0oJfR/ePGgiFf/izf/jds2B219MPB4b4aZeUHCmdKO822trW9sbm0Xdoq7e/sHh6Wj46aKU0log8Q8lu0AK8pZRBuaaU7biaRYBJy2gvHdzG89UqlYHD3oSUJ9gYcRCxnB2ki9es+78exK91L03Z7XL5Ud25kDrRI3J2XIUeuXvrqDmKSCRppwrFTHdRLtZ1hqRjidFrupogkmYzykHUMjLKjys/nVU3RulAEKY2kq0miu/p7IsFBqIgLTKbAeqWVvJv7ndVIdXvsZi5JU04gsFoUpRzpGswjQgElKNJ8Ygolk5lZERlhiok1QRROCu/zyKml6tuvYbr1Srt7mcRTgFM7gAly4gircQw0aQEDCM7zCm/VkvVjv1seidc3KZ07gD6zPH+LOkM0=</latexit>

(c)

can we reproduce ?ℋ



Summary
❖ toy model spectrum + transitions

❖ finite volume

❖ analysis reproduces input

❖ now we can do lattice QCD calculations

❖ insight into hadrons

+ + + +…=


